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PREFATORY 

ON DEPOSIT 
FROM 

THE LIBRARY 
PARLIAMENT OF VICTOR 

NOT l 

During the progress of an extended and systematic survey like that which 

is now being carried out by the Geological Survey of India, it necessarily 

happens that information is obtained regarding districts, or minerals, or fossils, 

which, though imperfect, is still of much value, and which forms a link in the 

chain of evidence tending to establish the age or character of the several groups 

of rocks or formations in this country. It has hitherto been impossible to give 

these isolated facts publicity, as it would obviously be inconsistent with the 

scheme of the < Memoirs of the Geological Survey of India’ to publish in them 

detached facts, or minor sketches, only in anticipation of the more finished and 

detailed descriptions which it would be practicable to give a little later. In 

several cases, however, to wait for this more full and complete description 

would be tantamount to waiting for many years. The area of the Indian 

Empire is so immense, the staff of the survey so limited, that the detailed work 

of each successive season makes but a very small inroad on the country yet 

mi visited; while the almost total ignorance of the geological structure of India 

under which we suffered until within the last few years made it both difficult 

to anticipate the importance of such isolated observations and impossible to 

attempt to reduce them to any general system. 

The conditions of the case, however, appear to me now to have undergone 

sufficient alteration to justify, and even to demand, a more rapid publication of 

such facts, though they may be isolated and imperfect. There are also many 

other matters, essentially forming a portion of the labors and ol the progress 

of the survey, of which the public may fairly, as I think, expect a knowledge 

up to the latest practicable date. 

It is therefore contemplated to issue independently of the “ Memoirs of the 

Geological Survey of India,” and of the " Pakeontologia Indica,” a separate 

series which shall bear to these Memoirs somewhat the same relation which in. 

learned societies, the * Proceedings,’ ‘ Sitzungsberiehte, ‘ Monatsberiehte, 

‘ Bulletins,’ &c., do to the larger and more important ‘ Transactions,’ ‘ Memoirs,’ 

' Abhandlungen’ ‘ Denkschriften,’ &c. This series will contain a notice of the 

current work of the survey up to date ; a list of contributions to the Museum or 

Library ; a list, and occasionally an analysis, of such books published elsewhere 

w 
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as bear upon Indian Geology; and, generally, of all facts illustrating the? 

immediate object of our researches, which may from time to time come to our 

knowledge. 

This series will be issued of the same size and general form as the c Memoirs/ 

so that it may finally be bound with them, forming a second part of each volume. 

It will be paged separately, and printed economically so as to be saleable at a 

very low price; excepting in special cases, it will not contain any illustrations, 

which in this country are always a source of great delay and cost, and so far as 

practicable, a part of this series will be issued at intervals of three months. 

These parts will vary in size as the matter available may vary, but within cer¬ 

tain limits the portion referring to each year will be kept nearly of the same 

extent. 

The present is the first issue of these ‘ Records,’ and must be looked upon 

as an experiment, which will only be continued in the event of its being found 

really useful. 

Calcutta, June 1868. 

T. OLDHAM, 

Supdt., Geol. Survey of India, 
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Annual Report of the Geological Survey of India and of the Museum of 

Geology, Calcutta, for the year 1867. 

The adoption of the ordinary calendar year, from the 1st of January to the 31st of 
December, as the period to which the annual reports of the Geological Survey of India should 
in future refer, while the report of last year extended to the close of the financial year, or the 
31st of March 1867, necessarily restricts the present report to only nine months out of the 
twelve. For convenience, however, it may be desirable to consider it as including the three 
months at the commencement of the year also. 

During the past season, the number of the officers of the Geological Surrey actually at 
work has been considerably reduced, by absence on leave, and by other causes. At the com¬ 
mencement of the season Mr. Wynne was still absent on medical certificate, and only rejoined 
on the expiry of his leave towards the end of the year. Mr. W. Theobald left India on 
furlough after a continuous and useful service of eighteen years without absence, and he has 
not yet returned. Mr. F. Feddeu obtained six months' leave, and being delayed in rejoining 
by stress of weather, has since obtained one month’s further leave, rejoining at the beginning of 
December. Mr. R. B. Foote was compelled by ill health to leave rather suddenly in May last, 
and is still absent. Mr. Tween also, who was in charge of the Museum in Calcutta, was 
compelled to leave on medical certificate, and is still absent. 

Further, Mr. W. T. Blanford was appointed to accompany the Abyssinian Expedition as 
Naturalist and Geologist. And Mr. II. M. Ormsby officiated as Professor of Physical Science 
at the Presidency College for six months, during the temporary absence of the Professor. 

The working staff has, therefore, been much fewer in number than usual, and the progress 
made in the geological examination of the country has been proportionally curtailed. 

Taking advantage of this reduction of numbers, and the comparatively lighter amount of 
work in the office, and very desirous of obtaining for the labors of the Geological Survey in 
India the vast advantages which must always result from an actual comparison of specimens 
and from the study of such original series as can never be hoped for in this country, I obtained 
authority to proceed to Europe for a few months during which the climatal conditions of this 
country prevent the possibility of field-work being carried on. Taking with me Dr. Ferd. 
Stoliczka, Palaeontologist to the Survey, we accomplished much, and returned to India at the 
beginning of December. 

With these few preliminary remarks, showing the diminished strength of establishment 
with which the Geological Survey has been working during the past year, I shall notice in the 
usual order the progress made. 

Bengat, and Upper Provinces.—In the last report I briefly noticed the rcconnoissance 
of the country lying south of the districts which were under detailed examination near Ranigunj 
and Hazareebagh, and extending westwards to the south of the Rewah country, including a 
large portion of the great drainage basin of the Mahanuddi. Proceeding from Ramghur°to 
Ranchi, and thence to Pertahgiirh, Mr. Medlicott found the greater part of the road to extend 
over the undulating highland region of Chota Nagpore. About 30 miles east of Pertabgurh, 
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there is a decided ghat or sudden descent into the wide valley of the Mohun, where the far 
stretching view over the low plains at once suggests a change in the nature of the rocks ; there, 
in fact, comes in a portion of the great central area of the rocks associated with the coal-bearing 
series of India, The road itself, excepting in one or two spots where the newer formations still 
exist, runs upon crystalline rocks, keeping to the north side of the Mohun valley; although west¬ 
wards from Burwah, the upper members of these newer formations had been noticed capping 
some of the hills of the upland area, in one case themselves capped by trap. 

These rocks extend from Pertabgurk to the Husdoo, through Bisrampur (60 miles), here 
and there varied by a tongue-like extension of the crystalline rocks, Jbnning prolongations in 
most cases of lulls lying to the eastward. Many of these hills by their outline show that the 
crystalline rocks extend lo their summit, while others form table-lands, on the scarped edges of 
which the white sandstone is conspicuous. These scarps admirably exhibit the very unequal 
surface of deposition on which the sandstones were formed. From the Hnsdoo and the plains 
of Belaspur, the main mass of the crystalline rocks, which greatly predominate, lies to the 
north-west, forming the hilly, region of Mahtin, while the numerous and almost detached areas 
of the secondary rocks (ihieily of the Talcheer series) are extensions from the eastwards, where 
the table-topped lulls of Odeypur appear to be formed altogether of the sandstones. With this 
extension ol that series of rocks is connected the small coal basin of Koorbah. On the 
Mahtin hills themselves a few remnants of the upper sandstones stand up like old fortresses 
on the highest summits. 

Over the area, lying between the Koorbah coal-basin and the plains of Belaspur, there is 
no continuous high ground. Isolated ridges, mostly of inconsiderable elevation and composed 
of the crystalline rocks, occur. 

In this region of the Mahanuddi, as also in that of the Godavery drainage basin, the only 
knowledge we had of the structure of the country was derived from the Revd. Mr. Hislop’s 
exertions; he had, however, confounded rocks belonging to two distinct series, between the 
deposition of which there had been an immense interval of time. The great plains of 
Chntteesghnr were colored as belonging to the same series as the eoal-field of Koorbah. In 
reality, however, the rocks belong to that very much older series to which the general name of 
Vindnyan has been given. These cover an area of more than 12,000 square miles, limestone 
being the prevalent rock. On the north, they abut against the crystalline rocks; on the west, 
they pass under the Deccan traps; to the south-west, they stretch to an. unknown (as yet) 
distance up the valley ol the Mahanuddi; to the south-east, they rest upon crystalline rocks ; 
and to the east, they are crushed up with, and upon, similar rocks in*a complicated manner. 
The more recent Talcheer rocks are filled with debris from these, but nowhere was the actual 
contact or superposition visible. 

The Talcheer rocks extend from the Odeypur district to very near Sumbulpur. The 
country towards Gangpur from Chaibassa is now being examined in detail, so that it need not 
be more specially alluded to here. At Chaibassa itself there is the junction of the newer 
submetamorphic with the gneissose rocks. There is also a grand exhibition of trappean 
intrusions, which, it is noteworthy, occur with vastly greater frequency in the granites than in 
the slates. 

This extended reconnoissance of Mr. Medlicott’s will prove of very great value when we 
are able to extend our detailed researches into this vast area. 

The Iloharo or Karunpoora coal-field was completed in the early part of the year by 
Mr. Hughes. This, as stated in my report for last year, is of considerable extent, covering an 
area of not less than five hundred square miles, but it is poor in coal, few of the seams 
promising well. Iron is largely smelted within this area, nearly 200 small native furnaces 
being still at work. Later in the season Mr. Hughes completed the examination of the South 
Karunpoora coal-field, also of considerable superficial area, and at the same time richer in coal. 

We have unfortunately been unable to obtain maps so as to enable us to continue and 
complete the examination ol the coal-field of Palamow, lying to the west of those just alluded 
to. We bad commenced this last year, and in fall hopes of being able to proceed steadily to 
the completion of its examination. It is highly important to obtain some trustworthy 
information regarding the prospects of good fuel being discovered there, especially in connection 
with the proposed execution of the Soane canals, As soon as maps are available, the geological 
examination of the field will not take long 
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The smaller and comparatively valueless field near Eetcoora. lias subsequently engaged 
Mr. H ughes’ attention, and it will be quite completed before the present season is over. 

Last year I noticed the serious interruption to the continuity of our work in Manbhoom 
caused by the maps not being ready for issue. To prevent a similar stoppage during the 
present season, I obtained, at considerable expense, tracings of all Ihe maps required to com 
plete the area, and join on to the Topographical Survey work to the south. Since the early 
part of the year, therefore, Mr. V. Bali has been engaged in the Manbhoom country, steadily 
carrying his geological lines southwards : while Mr. Ormsby has been carrying tbe boundaries 
in the adjoining country to the south and to the west, and near Ranchi. Mr. Ball appears 
to have established some interesting facts as to the connection of special groups of rocks 
with certain kinds of mineral wealth. 

Mr. Mallet has been engaged principally in the neighbourhood of Jkansi and Lullutpore, 
tracing out the geological boundaries in the country included in the northern portion ol 
Sheet 70 of the Indian Atlas. Mr. Hackett similarly has been steadily carrying his geologi¬ 
cal lines southwards from the Gwalior country, using as the basis of his researches the 
admirable maps of the Gwalior and Central India Topographical Survey. 

Mr. Wilson is similarly engaged in a detailed examination of the Saugor district, and 
of the country lying-between that and Jubbnlpore. This had been very cursorily visited 
before, but when no maps existed: now we have the excellent maps recently issued of these 
districts. 

Mr. Blanford’s labors during the few months at the beginning of the year have been 
briefly noticed in last year’s report. Subsequently to that, lie progressed steadily to the 
south, and carried his lines of boundary down to the Chanda coal, where he examined the 
field, and ascertained the probable extent of the coal-bearing rocks in that neighbourhood, 
which is not great. A preliminary report on the coals of this field was submitted shortly 
after. It is probable that a large proportion of the rocks near Chanda belong to the same 
series as those in the immediate neighbourhood of Nagpur, which in my last report 1 stated 
had been recognized as possibly belonging to a different series. This inference has not been 
altogether borne out by subsequent and closer investigation, although the necessity for sepa¬ 
rating the rocks into a distinct group of the Damuda series has been fully established. The 
full details have still to be worked out. 

Mr. Blanford has since then been deputed to accompany tbe Abyssinian Expedition as 
Naturalist and Geologist, and has joined tbe forces from Bombay. This is a duty for which 
he is singularly well qualified, and I feel perfectly confident the results will amply justify the 
wisdom of the selection. 

Bombay.—Mr. Fedden has been absent on leave for seven months of tbe year. On his 
return, he has been deputed to join Mr. Wynne in Cutcli. Mr. Wynne has been placed in 
charge of the Bombay party, in consequence of Mr. W. Blanford’s absence in Abyssinia, and 
aided by Mr. Fedden, he has taken up the detailed examination of Cutcli. 

Mmins.—The labours of the Madras party have been curtailed by tbe absence, as 
already alluded to, of Mr. Foote. In my last report I expressed a hope that the close of the season 
would see tbe examination of tbe Kuddapah rocks carried up to tbe limit of Sheet 7G of tbe 
Indian Atlas. This was accomplished in one place; but illness in camp and inclemency of 
tbe season prevented tbe whole breadth being examined so far north. A general reconnois- 
sance to the north of the Kistna'kas shown that these sub-metamorphic rocks stop out, for a 
distance at least, a few miles north of the Kistna, the gneissose rocks appearing from beneath 
them, all across from the vicinity of Juggiapett round by Warupully to Kumool. Of the 
portion that now remains to be mapped in, a large area is marked on the maps as an inacces¬ 
sible tract unsurveyed. Across this there are only one or two footpaths at considerable inter¬ 
vals. And seeing the nature of the ground and the great intricacy of the geological lines, I 
greatly fear that with only two assistants at work it will be impossible to get over all this 
area this season. It Ls certain, however, that a general knowledge of its structure will be 
obtained. 

Of the Madras work two further quarter sheets, Sheet 78. NE. and SE., have been sent 
to the engraver months since. 

Buemah.—I have already in my last report detailed the progress of the work in Burmah 
for the few months at the commencement of the year. Mr, Theobald left, on furlough, in 
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April, and is still absent, and it has not been practicable to send any one to take up his work 
this season. On his return in the autumn, Mr. Theobald will resume his researches in 
Burmah. 

Publications.—During the year the Survey has issued of the Memoirs of the Geological 
Survey of India, the following :—“ On the neighbourhood of Lynyan in Sind,” where coal 
was said to occur: “ On the Geology of a part of Glitch,” where also coal was stated to have 
been worked ; both by Mr. W. T. Blanford. There have also been issued a detailed report on 
the Bokaro coal-field in the Hazareebagh district, by Mi-. T. W. Hughes, and a similar one on 
the Ramgurk coal-field by Mr. V. Ball. Also a general sketch report on the trap rocks of 
Western and Central India, by Mr. W. T. Blanford. 

In Sind, the coal at Lynyan, which had been the subject of many reports extending over 
several years, and of considerable expenditure of time and money, proved to be merely a nest 
or patch of lignite, not extending one hundred yards in any direction. Nor did there appear 
any probability of other deposits occurring in the vicinity. ' In Cutch, the only seam of coal 
seen is a little more than one foot in thickness, of which thickness only about eight inches is 
fairly good. It is, therefore, obviously not worth working. Mr. Blanford’s visit being, 
unavoidably at the time, a very cursory one, a careful examination of the whole of Cutch has 
this year been commenced and the results will be of high interest. This coal of Catch is 
geologically of a, middle jurassic age, while the lignitic coal of Sind belongs to the lower terti¬ 
ary epoch. The Bokaro aud Ramgurh coal-fields belong to the ordinary coal-bearing series 
(the Damuda) of Indian rocks. They lie to the south of Hazareebagli, aud are of consider¬ 
able extent, but not rich in coal. And, as I have already stated, must I think be looked upon 
as only useful to meet a local and limited demand, and this, too, only for such rougher work 
as the inferior quality of coal may he adapted for. Mr. Blanford’s report “ On the traps of 
Western and Central India,’ throws light on their history, extent and character, and on then- 
geological epoch. Mr. Blanford thinks it highly probable that the commencement of these 
great over-flowings of lava which extend over such an immense area may have occurred even 
so early as the tune of the middle cretaceous period, and have continued up into tertiary ages. 
These conclusions, however, are based upon evidence, which Mr. Blanford himself admits to be 
far from conclusive. More detailed examinations must be carried out before they be admitted. 
The subject is one of great interest in Indian geology. 

In accordance with a demand from the Kight Hon’ble the Secretary of State lor India, I 
prepared at the commencement of the year a brief summary statement of all that was known 
regarding the coal-fields ol India. Details, as full as the information obtainable admitted of, 
were given “ of the resources aud production of coal.” During the years from 1858 to 1866, 
inclusive, these returns showed an actual increase in the amount of coal raised in India, from 
61.1 lakhs ol maurids to 1031 lakhs. The returns were avowedly only careful approximations, 
as there was no organization for the compilation of such information, hut they are probably 
relatively correct. Arrangements have been made to carry on these statistics of out-turn of 
coal, so far as the information can be obtained. 

A new edition of the Catalogue of Meteorites in the Geological Survey Musuem, has also 
been issued embodying many more recent acquisitions in Europe. In ’ it are recorded 152 
stones, and 95 iron aerolites. These it taken in conjunction with seven others, of which the 
Geological Museum, has no specimen, but which are represented in the Indian Museum, will 
form a total mimber^of two hundred and fifty-lour distinct falls, represented in Calcutta : a 
number which fully justifies the statement made by mo in the Catalogue, that so fin* as the 
number and variety of its specimens are concerned, the series of aerolites in Calcutta-stands 
among the first in the world. 

Of the Palteontologia Tndica, the first half of the detailed figures and descriptions of the 
Cretaceous Gastropoda of South India, has been published. This contained four parts, issued 
m anticipation ot the regular dates for the quarterly publication, and as for the year from 

-' i'1 ■ ; ^ ” April 1S(>8. This portion contains descriptions of 83 species, under 46 genera, 
with full analyses ot the several families, sub-families, &e., and of their natural history rela¬ 
tions, so as to form a standard guide for the student of this very important group of fossils. 
I have in all cases desired to hear in mind in our publications, the very different circumstances 
under which Indian readers are placed, as compared with similar students in Europe, from 
the absence ol collections for comparison, and books for reference, and it has, therefore, been a 
steadily pursued object to render all our descriptions, catalogues, &e., as complete in them¬ 
selves, aud as detailed in their references, as possible. The preparation of the parts for the 
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coming year is far advanced, and they will be ready for issue punctually at the proper times. 
The issue for this year (4 parts) will I hope complete the Cretaceous Gastropoda. 

It was not a little gratifying to find the high appreciation in which the publications of 
the Geological Survey were held by the geologists of Europe, during our visit last year. From 
many we had applications for these works, both the Memoir’s and Palasontologia, which could 
not be acceded to, owing to the limited number of copies now available. I am glad also to be 
able to bear hearty testimony to the friendliness with which any proposals for exchange were 
invariably received, and I only regret that this excellent system of co-operation cannot be 
carried out to a much larger extent than at. present. 

During the year, a report on the coal seams found near Chanda on the Wurdah river, to 
the extreme south of the Nagpur territory, was submitted. As stated in last year’s report, 
and alluded to above, Mr. W. T. Blanford had been deputed to carry on the lines of boundary 
of the several rock groups from their known limits to the north past Nagpur to the south, so 
as to trace out, if possible, the actual connection as he went along. This has been done as far 
south as about 19* 25' of north latitude, or about the southern limits of the conntry included 
in Sheet 73 of the Indian Atlas. It is not intended to convey the idea, that such an extent of 
area has been worked out in detail, hut the general features have been sketched in. 

The rocks belonging to the coal-hearing series of India do not cover any veiy extensive 
area in the vicinity of Chanda. They extend from under the great flows of the Deccan traps, 
a little to the south of Wurrooda and Legaou, in an irregular band of an average width of 
about 20 miles to the Wurdah river where this band has diminished to about 12 miles in 
width. The further extension to the south of these rocks has yet to be traced out. It is 
difficult to arrive at any very satisfactory conclusions regarding the true distribution of these 
rocks, inasmuch as the area under which they extend, is so thickly and widely covered with 
recent and alluvial deposits, as almost entirely to conceal the solid rocks beneath. It is, how¬ 
ever, probable that a very large portion of these rocks belong to the group developed in the 
immediate vicinity of Nagpur, and in which no coal seams have been found. 

The coal yet discovered near Chanda is confined to two or three localities. One is about 
10 miles due west of the station at a village called Kumbari. The bed is seen on both sides 
of the Wurdah, which here forms the boundary between the Woon district of Berar, and the 
Central Provinces. It is not easy, as no sufficient exposure of the coal has yet been made, 
to determine the exact thickness, hut it seems to be between five and six feet; the upper part 
being much decomposed. It dips about 7° to the west-south-west. On the other side of the 
Wurdah the coal cut into varied from 2. feet to 15 inches in thickness, and as in the distance 
of less than 250 yards, if had thus diminished from five feet or rather more to less than half 
that thickness, the probability seems to be that the seam is very irregular if really constant at 
all, and that the quantity available is therefore not sufficiently steady to justify mining on any 
large scale. The quality of the coal is also poor. It yielded only 49 per cent, of fixed carbon, 
that is, not one-half ol the weight. There is also present a considerable quantity of iron 
pyrites. 

Mr. Blanford suggested that the extent of this bed should be proved by sinkings or 
borings near the village of Belora on the west, and a little to the west of the village of 
Googoon on the east side of the river. 

A second .locality is about 10 miles south of Chanda, and about 14 miles north of 
Ealarpur. It is seen on the right or Hydrabad hank of the Wurdah near the village of Sasti. 
and in the bed of the river is covered by the water excepting at the driest seasons. In the bank 
it was cut into for seven feet, of which six were coal, the top of the seam having been denuded, 
so that the total actual thickness could not be seen. It is all covered by alluvial clay forming 
the bank of the river. Die upper three feet appeared to consist of lair coal, shaly here and 
there; the lower three feet of better quality, one foot at the bottom being the best. The 
rocks aU round there are so concealed as to render it difficult to form any trustworthy opinion 
as to the extent or constancy of the seam. This knowledge can only he obtained by a careful 
senes of borings or sinkings. 

The Sum of Rs. 152-11-3 has been paid into the public treasury, realized during the period 
referred to in this report by the .sale of Memoirs, Ac. 8 1 

LtBEAKV —By the liberality of the Government of India, I was enabled this year to 
devote a portion of the large amount sanctioned as for the estimated expenses of the Survey but 
undrawn in consequence of the. absence of so many of our staff to procuring such standard 
senes ol works as were not withm our reach from the very limited monthly sum allowed for 
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books, as well as standard series of specimens of fosils, &c., for the Museum. By this 
means, independently of the usual additions to our most valuable series, we have added more 
than one thousand volumes, including some rare and important series. 

We continue to receive regularly from the societies and institutions with which we are in 
relationship of exchanges, their valuable transactions, journals, &e. These constitute a very 
large part of the regular additions to our library. And it is very greatly to be wished that 
this system of exchange might he extended largely. It would he by much the most effective 
method of making our own researches known to the scientific world, while the publications we 
should receive in return would more than counterbalance the cost. The literature of Geology, 
Mineralogy, Palaeontology is rapidly increasing, and we find it impracticable even to keep up 
the supply of current publications on these subjects, from the small monthly grant appropriated 
to the purpose. 

To our library (independently of the additions noticed above) have been added during the 
nine months under report (April to December) 630 volumes or parts, of whieh number 248 
were presented. 

Museum.—The usual large and varied contributions to our Museum from the labours of 
the Geological Survey have continued during the season. None of the Survey parties have 
been working in any richly fossiliferous district, so that the number of fossils obtained in this 
way has not equalled that of some former years. Prom Europe we have procured a very 
extensive and grand series of fossils, both in originals and casts. When visiting European 
collections last year, I represented to the Right Hon’ble the Secretary of State the great draw¬ 
back to progress in India, which resulted from the absence of good standard collections for 
comparison, and ventured to recommend the purchase of a valuable collection then available, 
the result of some five-and-twenty years’ researches by Prof, von Klipstein. This recommend¬ 
ation was sanctioned, and the collection was purchased. It has not yet been all delivered in 
this country, only a few out of more than two hundred eases having as yet arrived. And I will, 
therefore, defer entering into detail, until after it has been practicable to go over this series, and 
open it out, at least partially (for our present premises will not afford means of exhibiting it, 
even to the most limited extent). 

During our brief tour in Europe we also received some valuable donations of fossils, 
minerals and rocks, all of which have still to arrive. A detailed list of these will be pre¬ 
pared as they are opened out. Calcutta, Slsi March 1868. 

Blanfoed, W. T., on the Coal Seams of the Tawa valley, Baitool Dis¬ 
trict, Central Provinces.—The coals of the Tawa Valley have frequently been reported 
upon, (be last and most complete account of them being that given by Mr. J. G. Mectticott, 
of the Geological Survey. Pull details of the different seams are given in the body of his 
report “on the Geological structure of the Central Portion of the Nerhudda District” 
(Memoirs of the Geological Survey of India, Vol. II.) or in the Appendix, page 268. 

The principal localities described were the following— 

1. Rawundeo, on the Tawa River : 21 feet 2 inches of coal seen in 8 distinct outcrops, 
besides some repetitions. Two of the seams arc 4 feet at least in thickness at their outcrops.' 

2- Murdunpur and Kotri on the Madina, a tributary of the Tawa: two seams ; one 
3 feet thick, the other G inches only. 

3. Sonadi, on the Bora Nuddi, another tributary : two seams, 19 and 10 inches thick 
respectively. 

4. Sooki Nuddi, a 3rd tributary: two thin seams, 3 and 2J inches thick respec¬ 
tively, and of course worthless. 

Besides these, there are two seams, one 2 feet 3 inches thick, and a lower seam of 3 inches 
occurring on the Maehna River between Shapoor and Murdanpoor mentioned in the 
detailed Section at page 160, but not referred to in the Appendix, lining probably considered 
by Mr. Medlicott merely a repetition of the Murdanpoor outcrops. 

No new localities have since been discovered, so far as I can learn. I received information 
from a native of the occurrence of Haifa patlhar, near Kesla, which would he an important 
locality, being within 12 miles of the railway, while the nearest known outcrop of coal is 
double that distance, hut on visiting the spot, I found the " black stone ” indicated to be a 
sandstone. 
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But although no new localities have been met with, the progress in our knowledge of the 
coal-bearing rocks of India during the 10 years which have elapsed since Mr. Medlicott 
examined the Tawa Valley has been so great that it appeared possible that some additional 
particulars might be noted, and that a better idea of the mining prospects of the locality could 
be formed. In this anticipation I have not been wholly disappointed, although I regret to say 
that the result of my examination is to induce me to take an even more unfavorable view of 
the coal seams of the Tawa Valley than Mr. Medlicott did. I doubt if a single seam is known 
to occur in the valley which could be mined to any depth with profit under existing circum¬ 
stances, and with one possible, but very dubious exception, I am decidedly of opinion that 
no seam could be worked under any possible circumstances, The possible exception is in the 
Rawundeo section, to which Mr. Medlicott particularly called attention, but there are some 
peculiarities, connected with the seams there found, which make me think their availability 
for mining purposes doubtful. 

In order to show my reasons for the unfavorable opinion formed, I shall proceed briefly to 
describe the several localities. It must be remembered that these are all outcrops exposed in 
streams, and that the sand in the bed of the stream shifts from season to season exposing portions 
of rock and outcrops at one time, which it conceals at others. This is especially the case with 
those coal seams which usually underlie beds of coarse sandstone, and the latter, being hai-d, 
stand up in small terrace-shaped masses against which the sand accumulates, concealing the 
softer coal beds beneath. For this reason it is improbable that any two successive observers 
will see exactly the same section, if their visit be in different years, and in some cases I was 
unable to find again seams mentioned by Mr. Medlicott, and, vice versa, I saw some which he, 
I believe, did not. 

1. Sonadi.—I saw coal in three places here. Mr. Medlicott only in two. The highest 
seam is about 19 inches thick, with 4 or 5 inches of shale overlying it, and, upon this, coarse 
sandstone. All other seams are thinner. The second seam in descending order is 10 inches 
thick, with a roof of coarse sandstone. Beneath this comes— 

feet. inches. 
Coarse sandstone, about . 10 0 
Goal ... ... ... o 6 
Shale and sbaly sandstone ... ... . 4 0 
Coal ... ... ... . 0 8 

About 100 yards further south another seam occurs, about, 1 foot 6 inches thick of coal and 
shale mixed. The roof here also is of coarse sandstone. 

2. Sooki Nulla.—Only strings 3 or 4 inches thick occur, as noted by Mr. Medlicott. 

3. About 2 miles east of Sliapur, in the Machna River, a seam 2 feet 3 inches thick is 
seen associated with shale, and a lower seam, 3 inches thick, as above mentioned. The upper 
seam can be traced for a short distance, about 100 yards. 

4. Murdanpur, on the Machna.—Mr. Medlicott saw two seams here ; one was probably 
concealed by sand at the time of my visit, but it was only 6 inches thick. The other amounts 
to 3 feet in places, but is extremely variable. The roof is again coarse sandstone. The seam 
is seen for several yards along the south (right) bank of the stream, but is not seen, where, 
if continuous, it should recur on the north bank. It is possible that there may be a fault, 
hut I could find no indication of one; it appeared to me that the associated sandstone re¬ 
appeared without th6 coal seam, and my impression was that the latter had thinned out and 
vanished completely. 

^ _ 5. Rawundeo, on the Tawa River.—A careful description and a measured section of 
this locality are given by Mr Medlicott at page 154 of the Memoirs. Yet such changes have 
been produced by the stream in 10 years that I had much difficulty in recognizing several of 
the beds. I believe the rocks in the upper part of the section to be better exposed on the 
whole now than they were in 1855, while the lower portion is now comparatively concealed. 
I counted 11 outcrops of coal, Mr. Medlicott 13, of which he considers several to be repetitions 
caused by small faults. At the same time he mentions that there was no clear evidence of 
faulting, and I certainly do not think there is any in the upper part of the section, and I 
think, so far as the number of seams exposed is concerned, that he has underrated the resources 
of the spot rather than otherwise. Some of the coal is of excellent quality, and one or two 
seams are 4 feet thick, in places at all events 

B 
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On the other hand the roof is frequently, (hough not always, coarse sandstone. The 
seams are not of even thickness throughout, some, perhaps all, being very variable. Most of 
them are only seen for a few feet, and in only two cases could I trace them the whole distance 
across the river. One so traced varied but slightly in thickness, being about 1 foot to 1 foot 
3 inches; the other was 2 feet thick on one bank of the stream, and gradually thinned away, 
vanishing completely before reaching the other bank, less than 50 yards distant. Both these 
seams were associated with (lags and shales. 

It will thus he seen that, except at Rawundeo, not one seam is known to occur exceed¬ 
ing 3 feet in thickness, and I doubt if any seam of that thickness can he profitably mined in 
India. I am aware that much thinner seams are worked in England, some, I believe, not 
exceeding 18 inches, though that is exceptional. But in England there are three advantages at 
least which are wanting in India. These are—1. A large local demand ; 2. Excellence of 
quality j 3. A skilled mining population. 

In India, in a place like the Tawa Valley, there is no local demand, nor is it very 
probable that there ever will be. The best Indian coal from the Damuda beds is about 
half as good as the best English coal, that is, if used in a, steam engine, for instance, it takes 
twice as much Indian coal to do the same work. The value consequently, weight for 
weight, is about one-half, and a 3 feet seam of Darnuda coal is, on this account alone, only 
an equivalent of an 18 inch seam of English coal. Another disadvantage entailed by the 
inferiority of quality, is of course, increased expense for carriage. 

The want of skilled labour causes more coal to he cut to waste besides largely increasing 
the cost of superintendence. 

Taking all the disadvantages into consideration, my own impression is that from 4 feet 
6 inches to 5 feet is the minimum thickness of a coal seam which can be profitably mined 
in India under ordinary circumstances. In the immediate neighbourhood of a railway, or 
of any other large source of demand, perhaps rather thinner seams might be worked. 

Of course a considerable quantity of coal, some thousands of tons in many cases, may 
be profitably extracted from thinner seams near the surface. 

Of course too, the conditions of the profitable mining of Indian coal depend upon a 
variety of circumstances liable to change. A mining population might gradually spring 
up, the demand for fuel may, and probably will, increase, while other supplies may fail or 
increase in value to such an exent as to raise the price of the article permanently. These other 
supplies, at present, are wood and English coal, either of which may at any time become 
unprocurable. On the other hand, if India ever attains a civilization at all approaching that 
of Europe, it will undoubtedly grow timber for fuel largely, as is done in all other civilized 
countries not rich in coal. At present the principal efforts of the whole Native population of 
India, and of no inconsiderable proportion of the European population, appear to he devoted 
to the destruction of the forests, and it is but fair to say that their labours have been rewarded 
with great success. 

Supposing, however, that seams of 4 feet in thickness could be worked or that two or three 
seams were mined from one shaft, thus diminishing the cost of sinking and of machinery, 
there appears a possibility that the Rawundeo coal might he mined, especially as the 
quality is, in some seams, exceptionally good. But there is still one point which must be 
satisfactorily determined before the seams could he pronounced workable, aud that is the 
question how far the seams can he trusted to he constant in thickness. 

Where merely small sections are seen in the hanks of rivers, not extending frequently 
more than 5 or 6 yards, this question is difficult to answer. Of all the seams seen in the Tawa 
Machna, and Bora streams, the outcrops of not more than 3 or 4 can he traced for 50 yards, 
and out of these few, one in the Tawa dwindles from 2 feet to nothing in that distance, and 
a second at Murdunpoor on the Machna, appears to do the same, and certainly, out of a 
total of barely 3 feet, varies as much as a foot- within 20 yards. Moreover, nothing is more 
common than to find coal seams of variable thickness when their roof consists of coarse sand¬ 
stone ; it appears always to mark slight local unconformity, and denudation of the coal seam 
beneath But in the case of the seam at Rawundeo which is seen to thin out, its irre¬ 
gularity is not due to this cause, the roof being of flaggy sandstone. 

In describing the Eanigunj coal field, l showed that there were two sub-divisions of 
the coal heaving rocks or Damudas, the lower containing numerous coal seams of great size 
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but so variable in quality and thickness, that it was doubtful if any could be largely mined, 
The beds were characterized by frequent alternations of shales, flaggy beds and massive sand¬ 
stones. In the higher sub-division of the Ranigunj beds the alternations were less numerous, 
the several beds much thicker, and the coal seams more constant. I am inclined to believe that 
the beds of the Tawa Valley resemble those of the lower or Baraka r series of the Ranigunj 
field in the peculiarities of the coal seams, as they certainly do in their position at the base of 
the coal measures.* 

A very important and interesting question is the probability of the occurrence of coal in 
the more northern portion of the Tawa Valley near Kesla and Bagra; in the first place, 
because coal occurring there might belong to the higher and richer beds; and, secondly, 
because it would be so much nearer to the line of railway. Time did not allow me to examine 
the valley thoroughly, but a cursory inspection of the neighbourhood of Bordha and 
Ee si a induced me to believe that the rocks there occurring are very possibly higher in 
position than the true coal bearing beds of the Damudas, April 4sth, 1866. 

H. B. Medlicott, On the prospects of useful Coal being found in the Gar¬ 

bo w Hills, Bengal.—My report on the coal resources of the Garrow Hills admits of 
being very brief. I have only to indicate the very fallacious nature of the statements, upon 
which expectations have been founded. 

The region to which my remarks will be limited, as bearing upon the question of the 
northern extension of the Eastern Bengal Railway, comprises the bills to the south and east of 
the Bramahpootra, bordering the Myraensing and Goalpara Districts. It forms the recently 
created jurisdiction of the Garrow Hills. It thus excludes the Cossiah Hills and Silhet, of 
which the coal has already been cursorily described, and which would be beyond the range of 
the object, indicated as the special reason for my mission. It will be seen that the spurious 
coal of the Garrow Hifls is geologioafly distinct from most of that already so well-known as 
Silhet, or Cherra coal. 

As it was conjectured, and in the main correctly, that the Garrow Hills were geologically, 
as well as geographically, the continuation of the Cossiah Hills, I formed the plan to begin 
at Ckerrapoonji, and so to work westward from the known to the unknown. Owing to the 
lateness of the season at which the project was taken up, I started from Calcutta before final 
orders were received from the Home Office. But in consequence of the great delay subse¬ 
quently in procuring elephants, the only practicable carriage in these districts, I was unable to 
leave Cherrapoonji until the 22nd of January. I was, therefore, prevented from carrying 
on the connection of the sections so closely or continuously as I had wished. I had to hurry 
on to the ground where the principal object of research lay. However this unavoidable baste 
may have diminished the scientific results of my season’s work, it has not, I consider, aft'ected 
the judgment I have to give on the practical question proposed. The Circumstances of the 
case are so simple as to admit of a very definite opinion. 

I have examined every coal outcrop in the Garrow Hills of which I could obtain any 
information. They are grouped in two localities; one on the Sumesnrri river, north of 
Shushung -Durgapur in Mymensing, the other in the neighbourhood of Harigaon, at 
the west base of the hills near the Bramahpootra. It is the latter that has chiefly 
attracted attention, as being so favorably situated with reference to the great river and to 
Assam. The former position is more than fifty miles from the Bramahpootra, besides being 
separated from the plains by a zone or belt of hills, ten miles wide, and being on an unnavi- 
gable stream. Both localities are marked on the Revenue Survey maps of Mymensing and 
Goalpara as coal-bearing; and, as far as I am aware, the coal was first brought to notice by 
the surveyors. There can be little doubt, that the same coal is more or less continuous 
between these two localities, and that numerous other outcrops could easily be found by any 
one having a slight knowledge of the rocks; hut, apart from a consideration of the absence 
of any prospect of improvement in the character of the coal, the difficulties of position with 
reference to the means of transport, would rapidly amount to prohibition, even in the case of 
a very good coal, in proceeding eastwards from Harigaon. Alter seeing the section on the 
Sumesurri, and finding that I should have little to occupy me in the outermost hills, 
I wished much to he able to proceed up.the Eitai, and so along the band of coal-bearing 

* It is possible that the Mopani beds, which, however, I have not seen, belong to the upper or Ranigunj 
series, as do, I think, some and perhaps all of the Tench beds also. 
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strata to Harigaon; but I could not have attempted this without long preconcerted 
arrangements with Lieutenant Williamson, having had repeated official warnings not to ven¬ 
ture into the Garrow country unsupported. 

The configuration of the. Garrow Hills differs considerably from that of the Cossiah 
Hills; while the corresponding features in each are determined by the same geological 
structure. The high table-land range of the Cossiah Hills rises almost abruptly from the 
plains of Silhet, and is formed by undisturbed strata belonging to the cretaceous and 
nummulitic formations, resting upon a basis of crystalline (mclamorphic and granitic) rocks. 
There is under the Cossiah Hills only a very narrow hand of much lower fringing ridges, 
formed of those same, or of younger, stratified rocks, hut greatly broken from their original 
horizontalitv. The outermost of these are very low, being composed of the comparatively 
soft rocks of age later than the nummulitic; while the ridges of intermediate position and 
elevation are for the most part determined by the nummulitic limestone, or by the cretaceous 
sandstone. The higher ridges of the Garrow Hills, on the contrary, are scarcely visible from 
the plains of Mymensing in ordinary weather. Passing westwards from Cherrapoonji, the 
zone of distal-bed rocks and lower ndges intervening between the table-land and the plains 
becomes wider, the boundary of the main hills having taken a W. N. W. course, while the 
outer limit of the minor hills maintains its E. W. direction. It is found throughout that the 
great change in the form and elevation of the hills is consistent with the appearance of the 
crystalline rocks : on the Sumesurri, the gneiss comes in close to the north of Seju; and 
Tara mountain (upon which Lieutenant Williamson has just established his head quarters) 
is the western termination of the great plateau of Shillong and Cherra, and is formed 
of gneiss with the cretaceous sandstone resting on its S. W. base. In the same continuation, 
up to the edge of the Bramahpootra at Singmari, the crystalline rocks appear almost con¬ 
tinuously, under a thin covering of the same sandstone. No formation seems to be introduced 
in the western expansion of the lower hills, that is, not more or less represented in the shorter 
but steeper sections to eastwards. Just about Laour, in Silhet, the lowest ridges of the 
outer hills are altogether cut away for a considerable length; and the nummulitic limestone 
rises abruptly from the alluvium. The supra-nummulitic strata, however, soon re-appear to 
the west, in force: on the Sumesurri they are ten miles across; and further west, on a 
line S. W. from Tura, they are probably much wider. 

There is a contrast in the features as well as in the extent of these minor hills in the 
Garrow and Cossiah regions. To the east they present much difference of elevation, and 
variety of outliue; whereas from tile summit of T ur a one overlooks, from its base to the 
plains, a monotonous expanse of insignificant hills. This seems due to several circumstances, 
influencing the results of denudation; there is a gradual diminution westwards of disturbance 
in the strata, accompanied by a less induration of the older rocks; and especially is the differ¬ 
ence of features due to the almost total extinction westwards of the limestone, a rock always 
remarkable for its picturesque forms of weathering. 

1 have said that the coal of the Garrow Hills has been examined in two widely separate local¬ 
ities. Although, on the Sumesurri, its position alone would preclude the profitable extrac¬ 
tion even of an otherwise valuable coal, it will be well to describe this locality, as the section is 
much more distinct than that of the more westerly region, and the boundaries of the several 
groups of rocks can be easily fixed approximately. The Rajah of Shushung, who lays claim 
to the sovereignty of a large t ract of hills, although to all appearance his authority is unre¬ 
cognised by the resident Gan-ows, has had search made for coal along the hanks of the Sume- 
surri. In this way two outcrops have been opened out; and a little coal extracted for trial. 
Both outcrops belong, I believe, to the same seam, repeated at the surface by contortions 
of the strata. It occurs near the base of the whole stratified series, within a few yards of 
the underlying crystalline rocks. 

The section on the .Sumesurri is as follows:—At the outermost skirts of hills, below 
Bijessur, we find the sands and subordinate clays of the group next above the nummulitic. 
Here they dip at 40° or 50° to southward, being very much more disturbed than at any point 
higher up the river. They rapidly settle down to a very small slope and even to horizontality; 
so much so that through the long windings of the river above and below Salagaou, the very 
same beds are traceable near the water line. The most distinctive rock of this group is a 
fine, soft, greenish-yellow or gray sandstone, generally massive and falsebedded, but also in 
very regularly laminated layers. On the hue of the Lekong nuddi, these soft rocks rise 
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again to the north at about 5°; and a little above the confluence, after some few score yards of 
blank section, rocks of an older type crop out with dips of 40° and 50° to southwards*. 

Ryuk Lamapara is on a ridge of fine, yellowish, white sandstone of the type asso¬ 
ciated with the numniulitic strata. The dip is hero 20° to S. S. W ; hut it immediately becomes 
lower, and all through the valley of Ryuk Ujanpara the numniulitic limestone shows on 
the river bank, quite horizontal. This rock is already greatly changed from its conditions in 
Silhet; instead of several thick bands of strong pure limestone, there is now altogether about 30 
or 40 feet, and for the most part earthy, ocbreous and concretionary ; selected portions of it 
might make good hydraulic lime and cement. It seems to be overlaid by earthy shaley beds, 
that are rarely exposed; hut I could not trace any symptoms of a carbonaceous deposit in this 
position, which is that of the coal at Cherra. 

The limestone runs quite horizontally up to the very base of a steep ridge running 
W. IST. W.; but within ten feet it bends up to a high dip, and is seen resting directly on a strong, 
coarsish, pale sandstone more or less felspathie. The two are thus apparently conformable; 
and there would be no direct- reason for considering them of very distinct ages. This ridge is 
very narrow; and there is a good section of it in the river. There may be about 200 feet of 
the sandstone with occasional partings of carbonaceous shale. Along the northern flank there 
is a thick band of such shale, in the midst of which occurs the coal searn. It is here a good 
deal crushed, being close to an axis of flexure, and dips at 80° to S. S. W. It is altogether about 
three feet thick, but very unequally carbonaceous, being locally split by strings of clay and of 
sand ; and it contains but few thin strings of coaly substance. The mass of what would be 
extracted as coal is a highly resinous batt or shale, full of small nests and strings of a kind of 
amber; it gives a woody sound when struck, is very tough, and breaks with a large conchoidal 
fracture; the lamination is observable throughout; but the whole lights readily and bums 
freely, leaving a skeleton of ash. 

There is a blank section of about 100 yards on the north side of the ridge, and then strong 
sandstone, like that over the coal, appears on both banks, with a very slight northerly inclina¬ 
tion, continuing so throughout the long N. S. reach of the river. Where the river turns east¬ 
ward this dip increases, bringing down a limestone identical with that of Ryuk, and resting 
on the strong sandstone. There is here a shallow synclinal, the limestone being q. p. horizon¬ 
tal opposite fieju Lamapara, and rising rapidly on the south flank of the ridge at the point 
of which stands Seju Ujanpara. The streamlets down the face of this ridge undercut the 
strata, and disclose the coal seam at about the same depth from the limestone as before. These 
rocks all strike into the gorge of the Sumesurri at and north of Seju Ujanpara; the 
coal and the soft shales associated with it are of course eroded and concealed, but we now find 
the beds which underlie them—these are about 100 feet of strong coarse sandstones just like 
those over the coal; and they rest against and upon the gneiss. There is an excellent section 
of the junction : the dip of the sandstone increases rapidly, being 80° to S. TV. at the contact; 
but it is a natural junction, parallel to the dip of the sandstone, the base of which contains 
rolled pebbles and boulders of the crystallines. The chief mass of the high irregular ridge 
over S e j u is of gneiss, great blocks of this rock abounding in the steep watercourses through 
the sandstones at the base of the ridge. 

The coal near Seju is precisely similar to that already described, only perhaps a little 
better; and the sequences of the strata in the two places so exactly correspond, that there can 
be little doubt the coal belongs to one and the same band; the southern outcrop being due to 
the remarkable flexure of the rocks between the valleys of Ryuk and Seju. Whatever little 
use might be made of this coal, if required on the spot, it is evident that it would not supply any 
extensive demand, or repay any difficult transport. The latter obstacle seems insuperable: 
the Sumesurri, although a considerable stream, is choked with silt throughout the greater 
part of its eourse below Ryuk, where tke rapids begin to be troublesome. 

If the great thickness of cretaceous rocks, known in the section of the Cossiah hills, is 
represented at all on the Sumesurri, it must be by these bottom sandstones and shales con¬ 
taining the coal, here 400 to 500 feet in thickness. All the circumstances support the conjec¬ 
ture that such is the case; as, the description of the rocks and their mode of relation to the 
nummulitic limestone. In the Cossiah hills too there a,re frequent symptoms of a carbonaceous 
element in the cretaceous rocks. Shortly before leaving Cherrapoonji I noticed a bed of shale, 

* The limestone noted on the district map of Mymensing—(scale, 1 miles equal one inch) just above 
Salagaou Ujanpara, docs not show on the river; it is probably a mistake, 
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full of obscure plant remains, associated with the conglomerates at the very base of the section 
under Mam lull on the west; and it is more than probable that some 'of tbe local coal beds 
of tbe Cherra region, as, for instance, tliat at Moubelarka (from which the supply for 
Shillong is now taken), belong to the cretaceous and not to the nummulitic deposits. 

I wished much to go up the Koylas mountain from Seju; but the attempt would 
have been useless, without some more influential protector than the pretended sovereign, the 
Rajah of Sliushung, through whose assistance I got along the river as far as S ej u. The 
slight sketch given of this tract of the hills on the maps is very misleading, as to the relative 
importance of the several hills : Koylas, though marked rather more faintly, is about three 
times as high as any of the hills to west and south of it. One can see at a distance, by the 
sub-horizontal tiers of cliffs on the S. W. face, that at least the upper half of the mountain 
is of stratified rocks. It would seem too on the map to stand outside tbe ran of tbe gneiss 
boundary at Sejn, and to be on tbe stripe ot tbe band of sub-horizontal rocks just south of 
Seju; thus suggesting that the whole mass of the hill is of these unaltered sedimentary 
rocks. If, however, such is the case,—that the cretaceous beds pass under Koylas at the 
same elevation as in the Sumesurri—the top of the hill must he formed of the younger 
tertiary rocks, at a much greater elevation than these have as yet been observed west of 
Jynteah. I rather conjecture that there is a sharp bend in tho boundary of the crystalline 
rocks, and that these form the base of Koylas; in which case the cliffs noticed on the 
summit may he altogether composed of cretaceous and nummulitic rocks. It is possible, 
indeed, that the peak ot Koylas may be formed of a remnant of the submctamorphic 
sandstones of Shillong. 

As has been already stated, it is in the hills bordering tho Bramahpootra, that the 
question of a coal supply is most important, and where the greatest hopes have been raised by 
the published statements of discovery. These statements are, as far as I am aware, based 
upon the investigations of Mr. James Bedford who made a survey of this district in 1842. 
The.published maps of Mr. Bedford’s coal discoveries are very imperfect reductions from the 
original.manuscript, of which a tracing was most obligingly supplied to me from the Surveyor 
General s Office. In these maps the facts given are of two kinds : there are several outcrops 
of coal noticed in the hills north of Harigaou; and coal is said to exist in the hills south 
of Harigaon upon the evidence of debris found in the streams. I will first notice tbe 
former. 

A glance at tbe geological sketch map will show that Mr. Bedford’s coal outcrops at 
Salkura, Champagiri and Mirampara are on tbe exact ran of the Seju bed; and 
that tbe circumstances of the sections.are very similar. Those three localities are on the low 
table-land range ol Smgmari, which is now much eroded into irregular transverse ridges. All 
over this range the crystalline rocks weather out from beneath a thin capping of coarse friable 
sandstone, often conglomeritic; and at the three places mentioned, a local deposit of shale or of 
clay occurs between the sandstone and the gneiss, and wdiieh earthy deposit is very partially 
impregnated with carbonaceous matter. At Salkura and Mirampara the stuff is 
mainly a resinous shale, a very poor representative of the Seju coal, but quite of the same 
character; at Champagiri, more to the north and between the other two places, it is a 
thick bed of dark still’clay, with insignificant strings of lignite through it. At Salkura 
the gneiss shows continuously in the stream at about ten feet under tho shale. At 
Champagiri and Mirampara, besides occurring for some distance in the bed of the 
streams between hanks of the sandstone, the gneiss is seen at the edge of the range at a 
higher level than the shales, with pebbly sandstone resting on it; the shales having altoge¬ 
ther died out. All the streams form rapids or falls over the crystalline rocks at the edgeBof 
the range. It seems strange that Mr. Bedford, when he attempts to give definite names 
to the varieties of the overlying rocks, and although he notices these water-falls, should 
have failed to make mention of the crystalline rocks, the occurrence of which so gravely 
affects the prospects of the reported coal-field. 

It must hare been a very small and carefully selected fragment from these “ coal-beds” 
that yielded the analysis published by the Coal Committee; aud it is not to he wondered at, 
that Mr. Sweetland failed to fulfil his engagement to “put the Committee in possession of 
more satisfactory samples than they had yet seen.” It would require months of labor to 
obtain a maund of anything that would, support combustion. These beds have no relation 
to “ the brown coal formation ;” but they were most correctly condemned by tbe Committee 
as “ belonging to one or more small isolated basins of a spurious coal formation, and are not 
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likely to lead to any important result.” Unfortunately, in the very next paragraph of their 
report, the Committee pass an encouraging judgment upon much more precarious evidence. 

Passing to E. S. E. we find the same conditions to obtain as in the Singmari ridge. 
The main mass of Harigaon hiE is of gneiss with the thick sandstones resting against 
and upon its southern base either horizontal or with a very slight inclination to the south, 
and again at Tura, the summit of which is about eight miles to E. 30° S. of Harigaon 
hill, the station at the south-west base is just to north of the gneiss boundary; and in the 
stream which drains this flank of the mountain (it is the head waters of the Bunarossi) the 
gneiss appears in the bed for nearly a mile below the general longitudinal boundary, between 
spurs formed of the overlying horizontal sandstone. Down this stream I was taken to see 
a coal bed : it consists of a few sticks of lignite scattered through the sandstone, at six to 
ten feet above the floor of gneiss. 

At Domulgiri, the stage between Harigaon and Tura, I was fortunate enough 
to hit upon the nummulitic limestone; but for the clearing made for the few temporary 
buildings, it would probably have escaped notice. The blocks of rusty stone heaped out of 
the way are evidently derived from a bed in place—the remains of a very thin hand, pro¬ 
bably a single bed, of ochreous earthy concretionary limestone full of nummulites. The 
shaly clays that overlie it are exposed on the side cuttings of the road leading up the hill 
towards Tura; and the cretaceous sandstone occurs in the river immediately below. In 
kind and in position, everything corresponds with what has been described in the section of 
the Sumesurri; but the limestone is reduced to this miserable remnant, useless for any 
practical purpose. This is the completion of the tendency that was already so well marked 
in the limestone band on the Sumesurri, as compared with the same rock in the Silhet 
sections. 

As far as I penetrated to the south of Harigaon I could not discover even the debris 
of the rocks overlying the nummulitics; so I am unable even approximately to assign the 
position of that line of boundary. It must be followed up continuously from the more 
easterly sections. 

The very smaE inclination, but little removed from horizontality, of the strata in this 
region would render the tracing of the boundaries between the formations, as carved out by 
the tortuous vaEeys through these low hills, a very intricate business indeed. 

But there is another geological circumstance that adds much to this difficulty of fixing 
the boundaries, and greatly aggravates the obstruction to observation offered by the dense 
character of the vegetation. This is the occurrence of an older diluvial formation. At the 
point of the spur over Domulgiri, on the spot where Lieutenant Williamson has built 
his hut, this deposit is betrayed by the rolled blocks of crystalline rocks. But it is often a 
sand, which, as partially- indurated, cannot be certainly distinguished in the smaE obscure 
sections, such as almost solely are exposed to view, from the rocks of the underlying forma¬ 
tions. Along the outer margin of the biEs in the Karibari region, this obstruction 
amounts to a prohibition of anything like close work. In exploring the hills from Mobindro- 
gunj and Kakreepara, I could never think, with any certainty-, upon what ground I 
was standing. There can be little doubt that this deep deposit in which the low hEls are 
half smothered corresponds with that of the well-known tract in My-mensing and Dacca 
called the Madhopur jungle. The semi-laterite clay, which is there the chief rock, occurs 
too among these hEls. 

We can now discuss the second statement regarding the coal resources of these hills. 
The Coal Committee remarks, after condemning the only observed outcrops—“ This brown- 
coal formation is not to be confounded with the indications of bituminous coal in the same 
district, afforded by drifted specimens in the bed of the Bunarossi river.” On Mr. 
Bedford’s map, the lvalu above Domulgiri and the Bunarossi above Dumnigaon 
are represented as trending indefinitely to the south, and are labeEed “ coal exists in these 
bills." There are several errors in this information, amounting to a complete misrepresenta¬ 
tion of fact. From Domulgiri the Kalu keeps altogether to the north, passing only 
through-the cretaceous band to the gneiss, and drains the northern flank of Tura. From 
Dumnigaon, the Bunarossi bends steadily round to the north, and drains the west¬ 
ern and southern flanks of Tura. I examined the bed of this river for several miles above 
Dumnigaon : fragments of anything that could he called coal are exceedingly rare in it; 
and are in quality, as well as in quantity, just what might be expected to be derived from the 
sticks of lignite I had noticed in the cretaceous sandstone near the source of the river , and 
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such as might be procured at Champagiri or Mir am par a—fragments of pure jetty 
lignite. I have no doubt that such were what the Committee inaccurately speak of as 
‘ bituminous coal’. 

Thus it is plain to me that the unknown, undescribed, and unauthenticated “bituminous 
coal” came from the condemned “ brown-coal formationand that no evidence whatever exists 
of any other carbonaceous deposit in the Garrow Hills. 

Having satisfied myself upon the merits of all the evidence before me, and considering 
that evidence sufficient to form a judgment upon, I did not feel called upon to incur any 
further loss of time upon the object by hunting for a ‘find’ without the smallest prospect of 
success. But should any adventurous man, unsatisfied with the preceding explanations, wish 
to explore further, I would offer some remarks for his assistance. 

The nummulitic formation seems to exist here, on the whole, in as great force as in Silhet, 
but the valuable coal> there associated with it has not been detected here. The case is slightly 
different from that of the limestone : this rock could scarcely escape observation if it existed ; 
but coal outcrops are habitually eroded and concealed. I' cannot but think, however, that 
some hint of its presence would have been brought to light, even by such search as has been 
made. The best known (if not all) the niminmlitic coal in the Cossiah Iiills occurs above 
limestone. 

Of the cretaceous coal it may be said, that the described outcrops are all at the very 
margin of the original area ot deposition, and that the same tendency to form coal may have 
been much more developed further out in the formation. There would be no asserting the 
contrary; but also, no a priori confirmation can he given to such a conjecture. It is, however, 
evident, that the horizon of the carbonaceous hand in this formation very soon passes beneath 
the drainage level of the country, and it is only by boring that this supposition of development 
can he fairly tested; and only by regular pit-mining with a prodigious water discharge, that a 
coal in that position could he extracted. 

It wonkl seem at first sight that the cretaceous beds on the SIngmari range had over¬ 
lapped their .general line of boundary, and might extend to any distance north wards, with 
expansion of the coaly band. The feature is indeed a remarkable one ; showing that, to some 
extent, this terminal configuration of the crystalline axis is of pre-cretaceous origin; but it does 
not extend tar;—at the most northerly points of this range, at Dhepkai and Singmari, the 
metamorphic rocks are in place, and they occur at all points to the north where rock has been 
observed in the valley; as at Dhubri, Bengal Khatar, and all along the southern road to 
Goalpara. 28 Ih March, 1868. 

Mailbt, P. R.—Coppeb IN Bpndleccnd.—In the 2nd Volume of the Memoirs 
of the Geological Survey of India, p. 35. notice is taken of the asserted presence of 
copper near the village of Sorai or Sounrai, west of the Dessaun river, in the Shahgurh 
district, Mr. Medlicott there states that “when at. Nagode, Major Ellis had drawn my 
attention to this place, Sorai, as having once yielded large supplies of copper.” The Bajah 
of Shahgurh had mentioned it with a view to have the place examined. The specimens 
he gave were all rounded as if rolled by water, and “ with a polish as if for many a long 
day they had lain in a . greasy pocket.” Hone gave any evidence of having been broken 
from a vein. Mr. Medlicott visited the place, hut could get no information. After persisting 
for sometime he was shown a place just on the south of the village where, it was said, copper 
had been extracted. ^ It was a, shallow trench through the limestone. Mr. Medlicott could 
not find a trace of anything like a metalliferous mineral. During the past season I heard 
ot this place while working to the north of it, and in consequence I proceeded to the place. 
It is on the Bijawur rocks, at the edge of the crystallines. 

A prisoner had told the Assistant Commissioner that he could show the place where 
copper existed, and on being taken to the spot had pointed this out. The hole sunk by 
the Assistant Commissioner was in a fissure formed on a joint in the Bijawur limestone, 
heading N. E. S. W., the walls of which were 12 to 15 inches apart. This fissure bad 
been filled up with clay and pebbles of various kinds, Bijawur limestone, hornstone, 
Bijawur ferruginous beds, Vindhyan sandstones, Ac , but none of the crystalline rocks. 
At two ieet from the top were bits ot brick and charcoal, and at six feet from the surface, 
icerf was a quantity ot copper ore in rolled lumps, obviously the debris of some vein. 
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mixed up with ilie pebbles of other rocks.. It is possible that the lower part of the rubbish 
is much older than the upper, but there is no clearly marked line between them. There 
is, however, no copper near the top, and no bricks, &c,, near the bottom. If the rubbish 
be of one age, the bricks would show that the fissure had been filled in within a com¬ 
paratively recent period, and. it seemed not impossible that the ore was the result of former 
workings washed into the fissure by surface water. I then tried to find any lode; the pebbles 
associated with the copper are so various as to give no clue to its locality if it exist, 
excepting the probability of its being in the Bijawur and not in the crystalline rocks. I 
carefully examined the neighbourhood (or any indications of copper without finding a trace. 
1 also searched the bed of the stream which drains the locality for any loose pebbles, but 
without any result. The only way to prove it really, therefore, seemed to me to sink trial 
pits. 1 discussed the matter with the Assistant Commissioner and gave him what inform¬ 
ation I could on the subject; he expressed his determination to carry on the investigation 
which he had commenced, and it is to he hoped that, his researches will he successful. 
April, 1868. 

Meteobites.—It is well known to those who have studied the structure and character 
of meteorites that, while no single element has been found in these bodies which does not 
occur on our globe, and while a very largo number of the combinations of these elements 
to form mineral species which occur in meteorites occur also on the earth, there still remain 
a few minerals which are specially confined to these bodies. The most important of these 
are Native iron; Schreibersite (or the phosphide of iron and nickel); and Troilite, or what is 
generally supposed to he the protosulphide of iron. Every extension of accurate research 
which tends to diminish this number of minerals special to meteorites is of very high 
interest as bearing on the conclusions to be drawn from their composition regarding the 
origin and physical condition of the planetary bodies. And in this point of view, the recent 
researches of M. Stanislas Meunier, the able adjunct, to Professor A. Daubree, in charge of the 
mitieralogical collection at the Jardin des Plantes, Paris, possess a very wide interest. At 
present we will only allude to his researches on the nature of Troilite, of which we give here 
a summary. M. Meunier has also recently published a very excellent treatise, Etude des¬ 
criptive theorique et experimentale stir les meteobites, 8vo., Paris, 1867. 

On the nature of Troilite, S. Mbusier. “It is known that certain meteorites, 
that of Orgueil, for example, contain small crystals of the second system formed of a 
sulphide of iron, having the composition and characters of magnetic pyrites, or Pyrrhotine. 
This sulphide, ol' which the formula is Ee 7 S 8, enters into the composition of many terres¬ 
trial rocks also. 

Besides Pyrrhotine, meteorites very often present another mineral of very similar 
composition and which up to the present never has been found crystallized, To this the 
name of Troilite has been given. A certain number of Slineralogists, following 
Mr. Lawrence Smith, attribute to it the formula Pe S, and consequently regard it as constituting 
the protosulphide of iron. This distinction between Troilite and Pyrrhotine is probably 
not so marked as is generally supposed. As seen, the difference in composition is very slight, 
and the physical properties of the two appear very similar. 

I have had lately opportunities of analysing many specimens of Troilit e from the 
meteoric irons of Cbarcas and Toluca, and the numbers which I have obtained lead me 
to think that this mineral is more closely allied to magnetic pyrites, than to the proto¬ 
sulphide of iron. The results of these analyses will be published separately when they have 
been completed and extended to a larger number of specimens, hut I wish at once to call 
attention to a reaction, which seems in all cases easily to distinguish the protosnlphide of iron 
from magnetic pyrites, and, a fortiori, from compounds more highly sulphuretted. 

It seems, at the first view, that this distinction would be very easy, but in reality it 
is not so. The two minerals are of the same bronze yellow colour, their specific gravities 
me very close (T5 for Pyrrhotine, 4'7 for Troilite), and variable within certain limits 
in different specimens: the mean composition differs very little, Pyrrhotine contains (in the 
mean of results) 39'6 of sulphur to 60 4 of iron, and Troilite, in the mean, has 364 of 
sulphur to 63 G of iron ; both are feebly attracted by the magnet; both fuse freely in the 
reducing flame to a black globule, strongly magnetic; both finally dissolve easily in 
Hydrochloric acid, with a very abundant discharge of sulphuretted hydrogen. 

It. is known also that magnetic pyrites is distinguished from the protosnlphide by the 
deposit of sulphur which it gives, when treated with acids, but this reaction, very marked when 

c 
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we are dealing with masses very pure and very abundant, is not applicable to the sulphides of 
meteorites. Besides the fact that we can only operate upon very small quantities of Troilite, 
and can therefore in every case only obtain a very trilling deposit of sulphur, it must be re¬ 
membered that this mineral is very far from dissolving entirely in acids. It gives a 
residue, in which we find carbon in the form of graphite, small hyaline grains which have 
a composition very close to that of quartz, and small crystals which can he referred to various 
silicates. 

In the practical point of view’, therefore, we must seek for some reaction characteristic 
for one at least of the two sulphides in question. With this object I have submitted the 
protosulphide of iron and Pyrrhotine to a very large number of comparative trials. 

I shall not stop to show that the protosulphide precipitates metallic copper from its 
solution exactly as iron itself does, whilst the Pyrrhotine does not; the chemical reaction 
in virtue of which copper is so reduced offers some interesting peculiarities, and I have 
submitted these to a special stud}’. (1) Without anticipating the details, I may say that the 
protosulphide of iron obtained by the wet way gives rise to a metallic precipitation, as well 
as the same compound obtained in the dry way ; nevertheless the phenomenon is more easily 
perceived in the latter case, inasmuch as the extreme sub-division of the black sulphide 
leads the copper to deposit itself in grains not discernible by the eye, 

I have been able to replace the chemically pure protosulphide of iron by a compound 
containing a little more sulphur, produced by the preparation of sulphuretted hydrogen, 
in fusing together iron and sulphur. But as soon as the proportion of the sulphur approached 
that demanded by the formula of Pyrrhotine, precipitation ceased to be possible. 

With a sufficient quantity of protosulphide of iron, a copper solution can be deprived 
of all the copper it contains. This experiment can be easily made with a solution of the 
sulphate of the binoxide of copper; again, with a sufficient quantity of sulphate of copper, 
all the ii'on can he removed from the black precipitate which is obtained by the action of 
sulpho-hydrate of ammonia on an iron solution. 

These two facts show well that we have here to deal with a true chemical phenomenon, 
and not with a physical action due to capillarity or any other analogous cause. 

Having established this distinctive character so easily recognized between the proto- 
sulphide of iron and magnetic pyrites, I commenced a series of comparative trials on 
specimens of Troilite from different sources. All these specimens placed in the presence of 
solutions of sulphate of copper, of which I varied both the concentration and the temper¬ 
ature, proved absolutely inert. In this respect, therefore, as also in regard to its com¬ 
position, Troilite, according to my experiments, approaches closely to magnetic pyrites 
(Pyrrhotin e). 

It would doubtless be rash to conclude from this its absolute identity with Pyrrhotine, 
although that identity appears very probable. But the experiments appear to justify the 
absolute separation of Troilite from the protosulphide of iron, of which it possesses neither 
the composition nor character, as is easily proved. Cosmos, 18th January 1868.—T. O. 

(1) Cerlaiu phosphides of iron produce an analogous precipitation. 
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From January 1st, 1868, to March 31st, 1868, 
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Titles of Books. Donors. 

Baudrimont, A.—Theorie de la formation du globe terrestre pendant la periods qui a precede 
l’apparition des etres vivants. 8vo., Paris, 1867. 

Benecke, Dr. E. W.—Geognostiscli-palieontologische Beitriige, Bd. I., Heft. 3, roy, Svo., 
Munich, 1868. 

Brussjna, Sporidione.—Contribuzione pella fauna dei Molluschi Dalmati, 8vo., Vienna, 1866, 

Cusse, L. Davy de—Description des objets de l'a<;e de la pierre polie, contenus dans la musee 
Arclibologique de la societe Polymathique du Morbihan, 8vo., Vannes, 
1867. 

Dana, Jas. D.—Synopsis of the report on Zoophytes of the United States Exploring Expedi¬ 
tion., 8vo,, Newhaven, 1859. 

Dollfuss-Ausset.—Materiaux pour Tetude des glaciers, Tom. V, pt. 1; Tom. VI, pt. 2; 
Toni. VIII, pt. 1, roy. 8vo., Paris, 1866-67. 

Dupont, E.—Notices preliminaires sur les fouilles executees sons les auspices du Gouverne 
ment Beige, dans les cavernes de la Belgique, Tom. II, 8vo., Bruxel¬ 
les, 1867. 

Edwards, A. E. Milne,—Recherches anatom, et paleontologiques servir a Thistoire des 
oiseaux 1‘ossiles de la France. Livr. 12, 13, 14; 4to., Paris, 1867. 

Eichwald Edouard d’—Letlnea Rossica, ou paleontologie de la Russie. Livr. 10, 11, 8vo, 
with Atlas of Plates, 4to., Stuttgart, 1867. 

Falconer, Hugh—Palaeontological Memoirs and Notes of the late—edited by Dr. C. Mur 
chison, 2 vols., 8vo., London, 1868. 

Favre Alphonse,—Recherches geologiques dans les parties de la Savoie, du Piemont et de 
la Suisse, vois. d. Mt. Blanc., Tom. I, II, III, pp. 1-816, roy. 8vo. and 
Atlas, roy. folio. 

Gaudby, Albert,—Animaux fossiles, et geologie de l’Attique. Livr. 19 (concluding part), 
4to., Paris, 1867. 

Gunther, Albt. C. L. G.—The record of Zoological literature for 1866, Vol., Ill, 8vo., Lon¬ 
don, 1867. 

Hochstetter, Dr. Ferd.—Reise der Oesterreichischen Fregatte Novara : Geologischer Thed. 
Bd. II. 4to., Vienna, 1867. 

Jerdon, Dh. T. C.—The Mammals of India, roy. 8vo., Roorkee, J.867. 

Kerpely, A. R.—Bericht iiber die Fortschritte der Eisenhutten-Technik im Jahre 1865, 
Jahrg. 2. 8vo., Leipzig, 1867. 

Kubz, S.—Report on the vegetation of the Andaman Islands, f.fol. Calcutta, 1867. 
Dr. T. Anderson, 

Lindenschmit, Dr. L.—Die Altertbixmer unserer heidnischen Vorzeits. Bd, II, Hf. 1-V1I, 
4to., Mainz, 1867. 

Lisch, Dr. G.—Pfahlbauten in Mecklenburg, II, 8vo., Schwerin, 1867. 

Lottner, F. P.—Das westfalische Steinkohlengebirge, 8vo., with 2 maps, large folio, 
Iserlohn, 1868. 

Lyell/Sir Chas.—The Principles of Geology, 10th edition, Vol. 1, roy, 8vo., London, 1867, 

Malzine, F. de.—Essai, sur la faune tnalacologique de Belgique, ou Catalogue des moliusques 
qui so trouvent dans ce pays. 8vo., Bruxelles, 1867. 

Mayer, Charles.-—Catalogue systematique et deseriptif des fossiles des terrains tertiaires qui 
se trouvent au Musee federal de Zurich, II, 8vo., Zurich, 1867, 
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Moetillet Gabbiel de.—Materiaux pour l’histoire positive et philosophique de l’homme, 
Tom. I, II, 8vo., Paris, 1865-66. 

Neileeich, De. Atjoust.—Nachtrage zur Flora von nieder-Oesterreich, 8vo., Vienna, 1867. 

Pfeiffee, De. L.—Novitates conobologicse, Lief. 27, 28. 
» ,5 Suppl. Ill, Lf. 8—11, 4to., Cassel. 1867. 

Rutimeyeb, De. L.—ITntersuchung der Thierreste aus den Piahlbauten der Schweiz. I, II, 
4lo., Zurich, 1860. 

Schenck, De. August.—Die fossile Flora, der Grenzsehichten des Keupers und Lias Forma¬ 
tion, Lief. 7—0, 4to., Wiesbaden, 1867. 

Scbope, G. Poulett.—The volcanos of Central France, plates and views to accompany origi¬ 
nal edition of his work. The Author. 

Senft, De. Feed.—Die Krystallinischen Felsgemengtbeile liaeh ihren mineral. Eigenschaf- 
ten, chemise. Bestandtheilen, Abarten, ITmvandlungen, Assoeiationen, 
und Felsbildimgsweiseh, 8vo., Berlin, 1868. 

Steinmann, Feed.—Compendium der Gasfeuerung in ihren Anwendung, auf die Hiitten 
industrie, 8vo., Freiberg, 1868. 

Stoppani, Ant.—Paleontologie Lombardo, on description des fossiles de Lombardie; publiee 
avex le concours de plusieurs savants, 4to., Milan, 1867. 

Tulloh, R. C.—Handbook of rules and regulations relating to the Leave and Allowances 
of Officers employed in the Civil Departments, 2nd edition, G. W. 
Clark, 8vo., Calcutta, 1868. 

Walkeb, Lieut. Col. J. T.—General report on the operations of the Great Trigonometrical 
Survey of India during 1866-67, with 2 sheets of maps of levels, fol., 
Dehra Doon, 1867. Col. J. T. Walkee. 

Pebiodicals. 

Annals and Magazine of Natural History, London, 3rd Ser., Vol. XX, No. 120,4th Ser., Vol. I. 
Nos. 1, 2. 

Annales des Mines, 6me. Ser. Tom. XI. Liv. 2, 3, Paris, 1867. L’Administe. des Mines. 

Engineer's Journal of India, 4to„ Calcutta, Vol. XI, Nos. 1, 2, 3. 

Geological Magazine, London, Vol. IV, No. 12, Vol. V, Nos. 1, 2. 

Indian Annals of Medical Science, Calcutta, No. XXIII. De. Chevees. 

Journal de Conchyliologie, Paris, 3me. Ser. Tom. VIII, No. 1. 

Neues Jabrbucb fill- miner, u. Geologie, 1867, VII. 

Paleontologie Fran^aise: Terr, cretaed, Tom VIII, Livr. 24, Zoophytes. 

Palaeontographiea, Cassel, Bd. XVI, Heft. 1. 

Petermann’s Geograpbische Mittheilungen, Suppt. 22. : 1867, No. XI. 

Professional papers on Indian Engineering, Roorkee, Vol. V, No. 18. Majoe Medley, e. e. 

Quarterly Journal of Science, London, Vol. V, No. XVII. 

Quarterly Journal of Microscopical Science, London, new Ser., Vol. XVI, No. 29. 

Govebnment Selections, &c. 

Bombay.—Papers relating to Revenue Survey and Assessment of the Mora Talooka in the 
Hyderabad Collectorate, in Sind. Selections, New Ser., No. CV, with 
a map. 

Madhas.—Report on administration of Madras Presidency for 1866-67. 

Punjab.—Report on administration of Punjab, 1866-67. 

Bengal. -Report, on Revenue Survey operations of Lower Provinces from 1st October 1866 
to 30th September 1867. Revenue Sukveyob General. 
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Keport on Revenue Survey operations of Upper Circle for 1866-67. 
Col. J. E. Gastkell, 

Transactions oe Societies, &c. 

Berlin.—Zeitschrift der deutsehen geologisclien Gesellschaft. Bd. XIX, lift. 3. 

The Society. 
Breslau.— Denkscliift zur Feier ihres 50-Jaln'igen Bestehens, 4to. Breslau. 

Silesian Society, 
Abhandlungen der Schlasischen Gesellschaft fur vaterlandische Cultur— 

(Abth. f. naturwiss. und medicin), 1861, lift. 1, 2, 3; 1862, 1, 2, 3; 1864, 
1865-66. Silesian Society. 

(Abth. f. Phil, historische), 1861, lift. I : 1862, 1, 2 : 1864, 1, 2 ; 1866, 4to., 
Breslau. Silesian Society. 

Jalires-Bericht der Schlesisohen Gesellscaft fill' vaterlandische Cultur. 1861-62- 
63-64-65-66, or years 39—44. 4to., Breslau. Silesian Society. 

Calcutta.—Proceedings of Asiatic Society of Bengal, 1867, December: 1868, January, Febru- 
ary, 8vo., Calcutta. The Society. 

Journal of the Asiatic Society of Bengal, 1867, Pt. II, No. III. 8vo., Calcutta. 
Ditto, Index and Contents of vol. XXXV for 1866, Pt. II. The Society. 

Denmark.—Oversight over det Kongclige Dauskc videnskabernes Selskabs forhandliugar, 
I860, Nos. 1, 2, 3:1866, No. 7, 4to., Copenhagen. The Danish Academy. 

Dresden.—Sitzungs-berielite der Naturwiss. Gesellschaft Isis, in Dresden, 1867, 4—6. sm. 
4to., Dresden. The Isis Society. 

Edinburgh.—Proceedings of the Royal Society of Edinburgh, Vol. VI., No. 71, 8vo., 
Edinburgh. The Society. 

Transaction of the Royal Society, Edinburgh, Vol. XXIV., Pt. 3. 

Glasgow.—Transactions of the Geological Society of Glasgow, Vol. II., Pt. 3, 8vo., Glasgow. 
The Society, 

London.—Journal of Society of Arts, &c., Vol. XV, Nos. 781-792,8vo., London. The Society. 

Quarterly Journal of Geological Society of London, Vol. XX1TI., Pt. 5, No. 92. 
8vo., London. The Society. 

Proceedings of the Royal Geographical Society of London, Vol. XI., No. 6. 8vo. 

The Society. 

Proceedings of the Royal Society, London, Vol. XVI., No. 96. The Society. 

Melbourne.—Maps of Geological Survey of Victoria, No. 5, N. W., and No. 14, S. W., 
with section. Geological Survey, Victoria! 

Neuchatel.—Bulletin de la Soc. des Sciences naturelles de Neuchatel, Tom. VII., 8vo., 
Neuchatel. The Society! 

Philadelphia.—Journal of the Franklin Institute of Philadelphia, Vol. LIV., Nos. 4, 5, 
Svo. The Institute. 

St. Peteksbuegh.—Bulletin de l'Academie Imperiale des Sciences de St. Petersburo-h Tom 
XII, Nos. 2, 3, 4to. 

Vienna.—Jahrbuch der K. K. Geologisclien Reiehs-Anstalt, Bd. XVI, No. 4. 

The Institute. 
„ fcutzungs-benchte der Kais. Akad. der Wissenschaften. 

Abth. L, Bd. LVI.j Hft. 3, 4, 5, 6. 

Abth. IL, Bd. LVL, Hft. 3, 4, 5, 6, 7. The Academy. 

,, Verhandlungen der K. K. Zoologisch-botanischen Gesellschaft in Wien. Jahrg., 

1866, 8vo., Vienna. 
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Blaktokd, W. T., F. G. S., on the Coal Seams of the neighbourhood of Chasda, 

During the last few days I have been engaged in examining the coal seams discovered 
by Captain Lucie Smith. Deputy Commissioner of Chanda, in the neighbourhood of that 
station. I have the honor to forward the following report upon the prospects of the coal being 
profitably mined. It will he seen that, although one seam is very promising, some further 
research'is necessary before a decisive opinion can he formed upon this subject. I have had 
the advantage of Captain Lucie Smith’s company during my examination of the coal, and I 
have received from that officer all the information and assistance it was in his power to afford. 

Coal has been found near Chanda in two localities, both upon the hanks of the river 
Wurda. In one of these places a seam is exposed on both hanks of the river ; in the other, 
only upon the right hank. The river, it should he remarked, forms the boundary between 
the Central Provinces and the Nizam’s Territories (including Berar)—the left hank belong¬ 
ing to the former. 

The more northern of the two localities is about 14 miles due west of Chanda station. 
It is here that the coal is found upon both banks of the river—the right bank belonging to the 
south-east or Wood district of Berar. The coal is met with upon that bank in lands 
belonging to the deserted village of Kumbari. It is exposed in the bottom of a small nulla 
running into the river; a hole dug in the bed of the nulla showed the coal seam to be between 
5 and 6 feet in thickness, the uppermost portion being much decomposed, so that the exact 
amount of coal is difficult to determine. Below is grey argillaceous sandstone. The dip is 
about 7° to the west-south-west. 

Both above and below the coal seam there are massive felspathic sandstones, good sections 
of which are exposed in the river. There is a possibility that the sandstone seen north-east 
of the coal seam, and which appears to underlie it, may be the upper bed repeated bv a fault 
hut there is no trustworthy indication of such being the case. The band of sandstone 
resting upon the coal can be traced across the country for a considerable distance, and passes 
just west of the village of Belora. A shaft sunk on the west side of that village would in 
all probability, cut the seam, if it extends so far. 

The exposure upon the Chanda, or left hank of the Wurda, is at the edge of the river 
in the lands of Googoos village, and west of the village of Chendoor. There is a bare 
possibility of the seam being different from that seen on the right bank : hut every appearance 
is in favor of its identity. An excavation made by Captain Lucie Smith, while I was on 
the spot, gave the following sections : — 

1. Coarse white sandstone seen in the river bank, and the same as that on the 
opposite bank of the river over the Kumbari coal ... ... very thick. 

2. White sandy shale with carbonaceous layers ,,, '...2 feet seen. 
3. Carbonaceous shale ... ... ... ... 1 foot 
4. Coal variable ... ... ... 1 foot 3 inches to ... 2 feet 
5. Micaceous sandy shale, cut into to the depth of a foot ... ... bottom not seen 

The dip was the same as on the opposite hank of the river. 



24 Records of the Geological Surrey of India, [VOL. I, 

The coal in the small hole dug, which was not above 3 to 4 feet across, varied from about 
2 feet to 1 foot 3 inches in thickness, and as it has further diminished from 5 feet, or rather 
more, in crossing the river, a distance certainly not exceeding 250 yards (assuming the two 
beds to he the same, of which there can, I think, be scarcely any doubt), it appears 
improbable that the seam can be profitably mined upon a large scale, it being likely that the 
quantity of coal will be limited. 

The quality is only moderately good. Fair samples from the Kumbari portion of the 
seam and from Googoos analysed in Calcutta by Mr. Tween at the Geological Survey Office, 
gave the following results 

Fixed carbon 
Kumbari. 

49-5 
Googoos, 

40- 
Volatile • •• 36'0* 43-5 
Ash ... ... 14-5 16o 

100-0 100-0 

The proportion of volatile ingredients is unusually large,f especially as the coal is from 
an outcrop, while the fixed carbon, which for steam purposes is alone of any value, is in very 
small proportion. From a greater depth the quality would be better; but the coal is below 
the average even of Indian coals. 

At Kumbari there is a considerable quantity of iron pyrites scattered through the seam 
in nodules and strings, which is a drawback. The coal also appears remarkably liable to 
decompose ; blocks which had boon dug for about six weeks, and exposed to two or three days’ 
rain, having been broken up into minute fragments. This liability to decomposition is doubt¬ 
less partly due to the coal having been dug from so close to the surface, and in so unfavor¬ 
able a spot as the bed of a nulla ; nevertheless it appears excessive. 

Altogether it appears very doubtful if much use can he made of this seam. For local 
purposes a considerable quantity of inferior fuel can doubtless he obtained from it. It is 
possible that it may again thicken to the north and south. This may be tested by sinking 
shafts or by boring west of the Wurda, on the west side of the village of Belora, and east 
of the river about 300 yards west of the village of Googoos. I cannot belp doubting if the 
bed extends so tar in either direction. 

Tho second locality in which coal has been found is about 10 miles nearly due south 
of Chanda, and about lj miles south of the village of Balarpur. The spot is on the 
right or Hyderabad bank of the river Wurda, near the village of Sarto, and the bed is 
covered by the water of the river at all times, except in the hottest and driest weather. At 
the time of my visit, in the middle of April, owing to some recent showers, the river had 
risen slightly, and the bed was entirely concealed. A cutting into the bank close by, how¬ 
ever, exposed the coal, and a hole was dug into it to the depth of 7 feet, of which the 
upper 6 feet were coal, and the lowest foot carbonaceous shale. Coal may, of course, recur 
beneath this. But the sinking with the means at our disposal had become very difficult and 
slow, owing to the reflux of water, and sufficient had been ascertained to prove the coal of 
workable thickness, if constavit, 

Tho top of the seam is not exposed, at least no rock is found overlying, and it is there¬ 
fore impossible to say whether any of the coal has been removed, with the overlying rocks or 
not. Upon the coal rests an accumulation of alluvial clay forming the bank of the river. 
All therefore that can be positively stated Is, that the bed at this spot is not less than 6 feet in 
thickness. 

As regards quality tho upper portion of the seam is, of course, somewhat decomposed, 
less so, however, than might have been anticipated. The uppermost 3 feet, so far as the 
state of the coal allows of an opinion, appear to consist of fair coal, hut shaley and impure 
hero and there. The lower 3 feet are decidedly superior, indeed one foot at the bottom appears 
to consist of an unusually pure, and bright coal. Taking the seam as a whole, I anticipate 

* This gave water 8'0, sulphur ’85. 

t The best seam in the Pencil Valley, near Chiudwara, that of Sirgori, gave on analysis— 
Pixed carbon . .. 61 "6 
Volatile . 28-0 
Ash. W'l 
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that it will yield fairly useful fuel for all purposes. The quantity of pyrites appears to 
be considerable,, but not excessive. It is interspersed throughout, and not in nodules as at 
Kumbari. It is, however, difficult to form a correct estimate of the amount from an inspec¬ 
tion of the specimens procured from so near the surface. The seam may be considered as 
highly promising. But before it can he considered as available for mining purposes, its 
thickness and quality must he ascertained to be constant throughout a considerable area. 
It is also very desirable to ascertain whether it recurs on the Chanda side of the liver. I 
regret that I am unable to throw much light upon these points. The concealment of all 
rocks near the outcrop of the coal is so great that scarcely any indications are afforded even 
of the general dip, and the few that are met with are somewhat contradictory. 

The dip of the seam itself is obscured. The angle is very low—certainly below 5°, and 
appears to be to the north-east or north, but at the same time to vary. About 200 yards up 
the river, on the same bank, a large quantity of coarse sandstone is exposed with an apparent 
general dip to the east of about 5°, but the rock is so excessively false-bedded that its real 
dip can only be guessed at. Still further up the river, towards Balarpur, there is more 
sandstone, also with an apparent low eastwardly dip ; but at Balarpur the beds are either 
horizontal or dip to the north-west. 

About 300 yards below the coal also, on the right or west bank of the river, sandstone 
is again exposed, but no trustworthy indication of a dip could be discovered. All around, on 
both sides of the river, is an alluvial plain, and I could find no trace of rock. The general 
appearances are in favor of an cast or north-east dip. The sandstone seen to the north up 
the river may underlie, and that seen down the river rest upon, the coal, but this is little 
more than a guess. If the dip be to the east the coal should be found in a shaft, or boring on 
the left or Chanda- side of the river, at a depth not exceeding 50 or 60 feet below the bottom 
of the bank. 

It is extremely desirable that an attempt should be made to find the coal by sinking or 
boring through the sandstone on the river bank below (south-west of) the outcrop on the 
Hyderabad side of the liver. His Highness the Nizam would doubtless order the necessary 
exploration if made acquainted with the facts. In sinking upon the Chanda side it is far 
from improbable that only alluvial clay may be met with to the depth mentioned. In this 
case it would be well to make deeper explorations further from the river bank, the persistency 
of the seam can, in all probability, meantime be settled by a few sinkings or borings on the 
Hyderabad side of the river. Further exploration on the Chanda side, with the exception of one 
or two shafts on the river bank, would best be deferred until this important question is decided. 

Assay yielded the following results for these coals:— 
Balarpur. Balarpur, 

‘ best part of seam, 
Fixed carbon ... 51-2 49'9 
Volatile ... ... ... ... 39'0* 42'4 
Ash . 9'8 7-7 

The existence of the seams discovered by Captain Lucie Smith renders it probable that 
i , . , „ „ others, as yet undiscovered, may exist in the neighbourhood, 

Probatde existence of other seams. , ' ,, , . , ,, . ’ 
especially as the rocks are greatly concealed by alluvium. 

The area occupied by the true coal-hearing rocks of the Damuda series does not, however, 
appear to bo very large; and owing to the superficial accumulations beneath which they 
are buried, boring must, in all probability, be resorted to in order to explore them. The 
discovery of the localities already known is clearly due, when the difficulties of the case are 
considered, to most persevering enquiries and research, and I have no doubt hut that the same 
energetic search, if farther prosecuted, w ill, as at Ckindwara, lead to further discoveries. 

Still I think it improbable that the neighbourhood of Chanda is equal in mineral wealth 
to the Bench Valley near Ckindwara. As stated above, the area occupied by the coal-hearing 
rocks appears smaller, and their thickness is less. The far greater facility of communication 
with the Railway, and the possible future demand for fuel for the navigation of the 
Godavery, Prankita and Wurda,f give a great advantage to the Chanda localities, and 

* This yielded sulphur '77, writer 4*5. All hum with a strong long-sustained ilamc and no caking, 

t The localities where coal has been found near Chanda are on the navigable portion of the Wurda, and if 
the proposed works for tlio improvement of the Uodaveri navigation be tarried out, they will bt in direct water 
communication with flic whole ot tile river. 
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thinner seams, or inferior coal, than could be profitably mined near Cliindwara, might be 
worked with advantage at Chanda. Camp; Chanda District, April ‘2,0th, 1867. 

During the present season, borings have been carried out close to the town of Chanda 
itself, and have proved the existence of coal, about 2 feet 6 inches in thickness. The coal is 
said to be hard, but, as no trial of it has yet been made, its quality is really unknown. It is 
highly probable that this bed will prove to Ire an extension of the beds seen on banks 
of the Wurda by Mr. Blanford. A shaft has also been sunk at Googoos, noted above. 
Up to present date (July) it, had been carried down perpendicularly to a depth of 30 feet, 
giving a section of 16 feet, broken ground; 7 inches, clay; 6 inches, coal; one foot shale ; 
5 inches, coal; 5 feet 9 inches shale, hard and firm; and then 9 feet 6 inches, of coal; in which 
the men were (on the 13th July) still working without any sign of change, the coal improving 
in quality. All the beds were found to dip at 10° to 11° to the west-south-west, lying con¬ 
formably one on the other. 

These excavations have been carried out by the energetic Deputy Commissioner Captain 
L. Smith, who has also had the able co-operation of Mr. A. Binnie, f. g. s., Executive 
Engineer. The results seem to place beyond a question (what from the evidence visible 
at the surface, Mr. Blanford was inclined to doubt), that the coal beds are continuous, and 
afford promise of a large supply of fuel. It is highly probable that the two thin seams 
of coal, with intervening shale, amounting altogether to 2 feet in thickness, represent the 
bed seen by Mr. Blanford on the left bank of the Wurda, and that this is therefore distinct 
from that visible on the right bank; the latter being, possibly, the representative of the 
lower and thicker bed cut through in the shaft noticed above. Mr. Blanford fully pointed 
out the impossibility of arriving at anj' sound conclusion in a country so covered as that 
around Chanda.—(T. 0.). 

Blanfobd, W. T. Coal near Nagpitk, being copy of a letter to the Seer, to Chief Commis¬ 
sioner, Central Provinces—(dated Camp, Chanda District, 12th February, 1867). 

I have just finished the examination of the various sandstone rocks which are found 
on the edge of the trap area in the Nagpur district, and as the Chief Commissioner will 
doubtless bo desirous to have early information as to the possibility of coal being found 
in them, 1 will state briefly the results of my examination. 

The sandstone of Taklee and Seetabuldee and all which occurs along the edge of the 
traps to the south of Nagpur as far as the boundary of the Chanda district belongs to 
beds of later age than the coal-bearing series. The sandstone hills east of Oomrair con¬ 
sist of beds older than the Indian coal rocks. In neither, I think, is there any chance of 
coal being found. The sandstones of Kamptee, Sillewara, Bokhara, and all met with 
west and north-west of those places as far as Kailod, also the rocks of Hootkyree and 
Chorkyree, and probably the sandstones near Bazargaon, belong to the Indian coal-bearing 
series, but I can find in them no indication of the occurrence of coal, nor of the rocks, 
such as carbonaceous shales, which generally accompany coal. Indeed there is a very 
remarkable and unusual absence of carbonaceous matter throughout; even the plant fossils 
have everywhere lost every trace of carbon. 

By far the greater portion of the beds belonging to the Indian coal-bearing series near 
Nagpur are concealed by thick alluvial soil, and it is impossible to say whether coal exists 
among the concealed rocks or not. For the reasons just mentioned, I think it improbable 
that it does occur, so improbable indeed that I cannot recommend search by boring. 

Still if it be thought that, in so important a matter, the question should be definitely 
set at rest, I would point out the following spots where borings to a depth of 200 or 250 feet 
would explore rocks not visible at the surface :— 

]. Bokhara, north of the little hill just east of the village. 
2. Sillewara, north of all the quarries. This bore to be stopped at once if metamor- 

phic rocks are reached. 
3. Bhurutliwara, at the village. 
4. Soon air, in the river. 
5. Kailod, south of village. 
6. Agra, near Chorkyree, the Nulla west of the village. 
7. Shahpore, north-west of Bheead and cast of Bazargaon ; at the village. 
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Geological Notes on the Surat Collectorate, Season 1862-63, by A. B. 
Wynne, 1'. G. S.—The Collectorate of Surat lies in the Bombay Presidency on the west side 
of India between the 20th and 22nd parallels of North Latitude and the 72nd and 74th degrees 
of East Longitude, Greenwich. Its southern extremity reaches to the Damaungunga 
river, about 100 miles north of Bombay, and passes between the small maritime Portuguese 
settlement of Damaun, and a somewhat larger territory called Nuggnr Huvellee, about 
30 miles to the east, also belonging to the Portuguese. On the west it is bounded by 
the Arabian Sea, and on the north for some 40 miles by the little river Keem. Beyond 
the village of Keemchokey the northern boundary becomes irregular, extending, however, 
generally eastward for 50 miles to the Bajpeepla hills. The eastern boundary of this 
Collectorate is very irregular: it runs for some 30 miles through the above named hills till 
it reaches the Taptee river; there it turns to the west with the stream for a few miles, and 
then strikes oil’ to the south, keeping outside the hilly district called the Daung, and after 
many bends approaches the sea between it and the Dhurrumpoor country, so that the 
district becomes of very small width compared with that which it has to the north. 

The principal places in the district are the city of Surat and the towns of Bhodan on 
the Taptee, Turkeesaur and Oolpar in the north, and Nosaree, Gundavee and 
Bulsar to the south. 

General form of the ground.—This district lying, as it does, between the hills 
forming the north ern end of the Western Ghats range and the sea can only be called hilly 
in the north-eastern corner, which includes some of the Bajpeepla group. The rest of it 
consists of one great plain nowhere quite level, in some places undulating sharply, and in 
others rising into wide, swelling, smooth eminences, and it is here and there at intervals 
broken by abrupt isolated hills, like those south of Turkeesaur, outliers of the Bajpeepla 
group; one north of Mota village, a few more on the eastern side of the district, the 
conspicuous hill of Parneira surmounted by its ruined Mahratta fort, and others at and 
near Bugwarra. The whole country slopes slightly to the west; it is crossed by numerous 
streams from the east. And as the tide flows for a considerable distance up the channels 
of these (in the Taptee, for instance, to beyond Surat), the whole country can have but a 
small general elevation above the sea probably not more than 150 feet, if so much. 

The coast is everywhere low7, and for some distance inland in the north part of the 
district barren, salt and sandy, plains extend. Being thickly populated and much under 
cultivation the country is only here and there overrun by jungle, which is, however, very 
dense in some places, chiefly along the streams at the east side of the Collectorate. 

In such a country it is difficult to find characteristic features, and yet it has a charac¬ 
teristic aspect produced by the repetition of similarities. 

The many7 undulations of the plains are too slight and too numerous to take any definite 
direction at a glance, but the larger of them forming the watersheds of the rivers run like 
the latter more or less east and west; and w7hen the isolated hills take anything of a ridge¬ 
like form they run most frequently, like the coast and the neighbouring limits of the hills, 
more nearly north and south than east and west. 

If the plains, however, present few rising grounds as projections they are broken by 
numerous deep ravines—nullahs and kharries along the courses of the rivers and their tributary 
streams. These ravines are, of course, deepest towards the sea, hut further inland the rivers 
run between cliffs frequently from 50 to 80 feet in height. 

Taken generally the district may be described as flat, with isolated hills in the south, 
and bordered on the east by a hilly and jungly tract.* 

Belations between the form of the ground and its Geological Structure. 
—These are not so obvious as they at first sight might appear. The reason of this is, 
apparently, that the limits of the space under description, although embracing a considerable 
tract of country, are not sufficiently extensive to enable us to generalize. 

Certainly as we approach the south the hills are more numerous, and it is ascertained 
that all the underlying rocks as well as the hills themselves consist of trap. On the east side 
of the district this is also the case, and glancing at the whole country in the neighbourhood, 
we find a group of trappean hills (extensions of the ‘ Western GMts' of India) on the east 

* Famous for the prevalence of fever at nearly all seasons of the year, ami bearing the name of the Dauus. 
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and south, between which and the sea is a wide plain covered to a great depth with cotton 
soil, alluvium and detrital accumulations, and forming almost the whole of the Surat district. 
Although the superficial deposits are very thick, the underlying rock occasionally approaches 
and appears at the surface of the plain, and where it begins to rise almost imperceptibly 
towards the hills. It is not in all cases found to consist of trap, hut in the northern part 
of the district in the Taptee river and other places, a series of eonglomeritic, calcareous, 
arenaceous and argillaceous, rocks are found dipping at a very low angle westwards, and in 
some places containing a profusion of nummulites and univalve shells : in others further up 
in the series they contain large bones, teeth of shark-lilce fish and vegetable remains as well 
as other fossils. These rocks have been provisionally termed the nummulitic scries, and from 
their very low and sometimes undulating angles of dip, their soft nature and then- present 
position, it seems more than probable that the forces of denudation which must have acted 
with great power over the whole country reduced the surface of the portion formed of them 
below that of the harder trappean hills, wearing down these overlying rocks so as to form the 
basement of the plain. Thus wo should expect to find the nummulitic series wherever the 
rock becomes visible in the plains. And this is generally the case; however, large portions 
of the low ground are so deeply covered by the surface deposits that the rocks beneath are 
entirely concealed, and as the well known readiness with which trappean rocks yield to the 
disintegrating action of the atmosphere, may not have differed greatly from that with 
which the overlying series did so, particularly when, as here, the stratification of both dips 
in a similar direction at very low angles, it is possible that the line of demarcation between 
the two formations may he so slightly defined that the place of junction forms no stronger 
feature in the ground than is traceable here, and is easily concealed by overlying detrital 
accumulations, although further from the junction where either the trap or the nummulitic 
scries occupies the whole country en masse the characteristic shapes of the ground forming 
hills in one case, or plains in the other, become very apparent. 

The formations which occur are— 

t> , C Cotton soil. 
oen (_ Alluvium and river beds. 

Tertiary Nummulitic series. 
P Trap. 

Trap.—The lowest of these formations in geological order is the trap which occupies 
the eastern side of the district, extending into it from the hilly country to the east, nearly 
as far westwards as Turkeesaur in the north. Its boundary is concealed by the alluvium 
of the plains, hut it would appear to strike south by west so as to come out upon the sea 
shore near Bulsaar. It forms part, of the great trappean group of Central India, and the 
Western Ghats, and precisely as in those precipitous and highly picturesque mountains, it is 
everywhere found to form part of a regularly stratified series* intersected by numerous 
dykes of very similar material which arc frequently porphyritie. 

The trap beds or flows, although all very similar, consist of considerable varieties, 
ranging from solid basaltic trap to soft shaly-lookiug amygdaloid, the variously sized 
cavities of which are filled with zeolites of different kinds, and sometimes by transparent or 
amethystine quartz. Beds which are locally highly ferruginous are of common occurrence, 
and in many instances these have a red colour, and weather rapidly away into a rusty soil, 
hut in others the action of the atmosphere appears to have hardened them into a variety of 
laterite. It is sometimes observed that the upper surface of a bed only lias the deep red 
color as if an alteration had been caused by the overflowing trap resting next upon it. 

Concretionary structure is very common among these traps, none within this district 
were observed to ho oolumar, if we except a lateritic mass, which will ho alluded to further 
on. No regular order of arrangement seems to obtain among the traps, the different kinds 

* This enormous accumulation of trappean rocks, whether we consider its wide superficial extent or its great 
thickness, which in the neighbourhood of the (diets must exceed 3,000 feet, exclusive of the unknown upper portion 
removed by denudation, rnc.v well excite our astonishment. It is perhaps the largest group of stratified trappean 
materials in the world, and the vents through which these found their way to the surface have never been discovered. 
The dykes, although in some places numerous, are very Insignificant both in number and quantity compared with 
the ivst of the group, and seem (utile inadequate to having alfnrdcd exil for the bedded traps, whose regnlar lines of 
stratification may lie traced by the eye for many utiles ranging terrace-like along the sides of the Ghats’ mountains 
with a parallelism to the horizon and each other, which it seems difficult lo separate from the supposition ol' their 
having been deposited in water. 
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lying one upon another, and beds passing from one texture to the other without any hind 
of sequence, but at several places where from the considerations given above we might infer 
an approach to the upper portion of the group visible in this country, there is a predominance 
of the red lateritic beds as the trap rocks first become visible in ascending the streams. 
Connecting these different points of eminence there would seem to be a zone of ferruginous 
traps either among the highest trap beds of the Surat district or along the border of the 
Nummulitie series which rests unconfonnably upon them- 

This zone seems certainly to belong more to the traps than anything else. As an instance, 
however, of what may he a somewhat analogous occurrence, I may mention that at the 
unconfomiable junction of the old red sandstone and silurian formations in the interior of 
the south of Ireland, the silurian rocks over large districts and to a considerable distance 
from their boundary, hut always apparently in consequence of the vicinity of the old red, 
change from gray to red and are highly ferruginous; in some places containing veins of 
haematite; this ferruginous appearance increases as the unconformable boundary limit is 
approached notwithstanding any circumstances of dip or strike in the (silurian) roelcs of 
which it is quite independent; and so plainly is it marked that upon observing it I used to 
know I was approaching the old red boundary. It has generally been attributed to infiltra¬ 
tion from the overlying ferruginous red rocks, and as the numnmlities here contain laterite 
beds near their base similar causes may have produced like results. 

The Nmnmulitic series is the next geological sub-division in the ascending order, 
resting unconfonnably upon the traps,* and spreading in gentle undulations under a largo 
portion of the district. It consists of a very varied series of beds comprising hard lateritic 
ferruginous rocks, coarse conglomerates, dull yellow earthy limestone, sandy and clayey beds, 
and beds of loosely cemented gravelly conglomerate. The following table compiled from 
various sections will show the general features of the exposed portion of the series with its 
preponderance of sandy and gravelly beds above and ferruginous ones near the base :— 

Conglomerates, sandstones and hard calcareous breccia. 
Yellow limestones, sandy and gravelly conglomerates and shales (Oyster shells and 

Balanidte). 
Calcareous sandstones, gravelly conglomerates, sandy limestone and shales (fossil 

wood, shells and spines). 
Sandy conglomerate, sand layers and ferruginous partings. 
Calcareous concretionary clay and pale yellow sandstone (hone fragments). 
Sandstone and clays (sandstone containing plant fragments). 
Agate conglomerates. 
Limestone (with Nmnmulites). 
Stratified ferruginous conglomerates and sandstones and sands. 
Stratified ferruginous sandstones, blue clays and variegated beds. 
Yellow ochrcous sandy clay, bluish and pale lilac clay. 
Shales, sands, clays and sandstones. 

The above list indicates the general features only, and is not a detailed representation of 
any one particular succession. Calcareous beds are often met with, but though these here 
and there become represented by thin hands of limestone, it was only in one locality (the 
country about Turlteesaur) that this was observed to occur in sufficient quantity to occupy 
a large space of ground. 

From the position of this series it is difficult to arrive at an estimate of its thickness, 
which must, however, be very considerable, although the angles are so frequently low, for 
sections with a vertical thickness from one to three hundred feet may be seen in many of the 
streams. Many of the beds are highly fossiliferous; some are largely made tip of nmnmulites, 
others of the separated valves of Jialanidie, some contain a number of univalve and other 
shells with which the teeth of sharks, segments of the carapace of a turtle, and of large ribs 

* The evidence for this assertion ia but small, only one junction, or rather very near approach to a junction, is 
seen. Here the rocks have the appearance of unconformity, but in other places where the two formations occur at 
short distances from each other there is reason to believe that, the ground is traversed by faults. The deduction is 
made from the occurrence of conglomerates in the upper series containing agates derived apparently from the 
traps, also from local appearances and observations upon the same rocks made at a distance from this district. 
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and portions of other bones as yet undetermined, have been found. Prom the evidence of 
the fossils, a ‘ Parisian’ age has been assigned to this series of beds.* 

The alluvium includes all the deposits which so extensively occupy the district, conceal¬ 
ing and covering up the above-mentioned rocks over the low ground and forming the mural 
precipices which edge all the larger streams at a little distance from the sea. 

It is almost universally composed of a fine light coloured argillaceous loam seldom 
pebbly or gravelly, and always formed from the decomposition of the local rocks. It some¬ 
times presents lines of stratification, hut more frequently is quite amorphous—its only 
characteristic being that like other Indian deposits of the kind, it contains numerous 
concretions of impure carbonate of lime (kuukur). Its quantity and depth are its most striking 
features, and the mass of it appears to be older than that forming the flats along the large 
rivers, but they pass so insensibly into each other that it is impossible to distinguish 
one from the other; its surface is frequently moulded into hillocks and vallies over small 
spaces bearing a very great resemblance to those of the Irish drift, but whether these are the 
results of mere atmospheric or other aqueous action it is difficult to say. 

Associated with this alluvium and generally passing beneath it are numerous beds of 
recent conglomerate with a calcareous cement, but even of these it is not possible to speak 
with cei'tainty as to age, for they appear to be in process of formation at present along parts 
of the coast, and their consolidation might take place at any time; some, however, are old 
enough to have been cut through by, ana to form in places the beds of, the rivers. 

Cotton Soil—covers the alluvium over many large tracts of the country, indeed it 
overlies it almost everywhere upon the open slopes as well as on the flats and in the hollows. 
It is often of considerable depth, presenting the usual desiccation cracks, but without any 
circumstances to throw additional light upon its source or formation. It seems in this 
country at least to be the ultimate result of the decomposition or recomposition of an 
alluvium largely made up of trappean materials; its colour may be due to decayed vegetation, 
or to iron or both, and its light loamy or compost-like character to the changes from wet to 
extreme drought, its great exposure to the influence of the air by means of the deep cracks, 
and its frequent distmbance by ants, &e., great quantities of -whose exeuviae it must contain. 

We will now proceed to give some detailed notes of the rocks in various localities, com¬ 
mencing at the north end of the district. 

In the country lying about Oolpar the rocks proper may be said to be wholly invisible. 
The country is covered by alluvium, and only changes its aspect along the sea shore where 
a belt of salt marsh and barren sandy ground washed by the high monsoon tides forms the 
coast. The Marries or streams for long distances inland are all salt, and efflorescences 
of the salts of soda and(?) alumina exude from the ground. In the Keem river at Elao and 
above that village near Sahol, there are hard white calcareous sandstones and breccias, some 
of which are worked into stones for hand mills at the last named villages. They belong to the 
upper part of the nummulitic series. Near Obah further up this stream the alluvium is worn 
through by the river exposing yellow limestone and soft yellow clay with ferruginous bands. 
These limestones occur again in the country to the north-east. More yellow limestone and 
sandstone with calcareous concretions and ferruginous layers occur: some of these beds are con- 
glomeritic in places and in others strangely cellular, with a knotted and angulo-concretionary 

* The following is a rough list of fossils procured from these beds, in the Tapiee river, a little below Bhodan, 
near the junction of a small stream called the Rhea. They have been identified by Dr. F. Stoliczka:— 

Jtoslellciria Presltvichii, D’Orb. 
Terebelhm, sp. 
CerWtiuiu, sp. 
CypiyBa (Cypraoml-n) elegans, Lam, 
NcUica longispira, Leym. 
Conus, sp. (near C. brevis, bat thinner), 
Trochus, sp. (like T. mitratus, Desli.). 
jPho/.as, sp. 
Fecten Hophinsi, D’Arch. and Haime. 

„ Favrei, D’Areh. 
,, comeus, Sow. 

I'ttheUa legumen, D’Arch. and Haime. 

The * bone fragments’ were portions of ribs, &c., 

Ostrea Flemingi, TV Art'll. 
„ lingua, Sow. 

Horner a, sp. (near IT. v emicosa, M. Edw.), 
Echinanfkm, (fragmonts). 
Cidaris, (spines). 
Fragments of other Frhinube. 
Stylocamui Vkuxryi, 51. Edw, and Haime. 
Troehoseris (1) 
TrocTiocyathus VandenbecMi, 51. Edw. and Haime* 
Nummulitesperforata, D’Orb. 

„ Brongniarti, D’Arch. 
„ exponens, or spira, (probably both), 

in a state sufficient for identification, 
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structure. The alluvium in the river banks is here only about 15 feet thick. Conglo- 
meritic and calcareous beds are seen occasionally from this to Kuthoora near Keemchokey, 
where one of the latter contains several shells, portions of spines, &c. Calcareous beds occur 
again in the Keem river, about 3 miles above Keemchokey. 

Near Turkeesaur is a considerable exposure of light buff and gray nummulitic 
limestone and agate conglomerate. A low range of hills rises near this town and stretches 
southwards to the Taptee; they are formed of ferruginous or lateritic beds intercalated 
between agate conglomerates, and having a low dip to the west, they pass beneath the 
limestone just mentioned, which, however, is traceable along their flank and re-appears in the 
Taptee river at the end of the range, being let down by a fault to a lower level, but preserv¬ 
ing its westerly dip, and seen to be overlaid again by another band of laterite. 

From this eastwards the country, which now becomes hilly, forming part of the 
Rajpeepla group, is all occupied by the traps, amygdaloids, &c., already described in 
general terms and possessing no variety except a curious pale flaggy band which extends 
from near Ooskir toMonjelao. The Taptee river at Bhodan and above it for many 
miles exposes the traps which are seen to have a very general but low and undulating dip 
to the west, and to be intersected by numerous dykes of dark green-gray porphyry and solid 
trap. From Gulla to Palree the rocks of the nummulitic series overlying those 
of the Turkeesaur neighbourhood are seen in the banks of the river; they consist of fine 
gravelly conglomerates, calcareous beds, and fine smooth pale gray mudstones. The latter 
were not found to be fossiliferous, but the others contain many bones, fossilized timber, 
univalve and bivalve shells, tire teeth of sharks, and plates of the carapace of turtles. 
The finest locality for fossils, however, is in the limestone let down by the fault, near 
a ruined village on the north bank of the Taptee, about 3 miles east of Gulla. 

In the neighbourhood of Surat city the country is covered with the fine brown 
alluvium, which extends all over this part of the district and eastwards for many miles beyond 
Mota along the valley of the Taptee. 

An isolated hill, rising to a height of about 100 feet from the alluvium 4 miles north- 
north-east of Mota, is formed of compact and brecciated laterite of very similar character to 
that occurring east of Gulla; its beds appear to undulate nearly horizontally. A small quarry 
in the east side of the hill exposes a soft purple and white mottled rock like a decomposed 
and lateritified amygdaloid, in which occur sub-angular lumps of red haematite. 

More red lateritic beds occur interstratified with the traps in the river due south of 
Mota and below Bordolee. Eastward of this the cormtry rises and undulates, and the 
usual kinds of gray traps and amygdaloid are seen along the streams and protruding from the 
surface of the ground. 

The Pooma river exposes the traps at Muhoowa, and above and below this place they 
are of the usual kinds with some reddish beds, and the last seen as the river enters the 
alluvium near ICohureea are associated with red lateritic beds. 

In the Umbeeka river which flows from Wulwarra past Gundavee the traps are 
also exposed, and likewise a quantity of recent conglomerate. This river affords a good 
example of the character of all the streams in this country, the banks wide apart formed some¬ 
times of alluvial cliffs and sometimes sloping into the stream, the bed of which is often rocky, 
and in the dry weather contains but a rivulet, here trickling among the stones and again 
forming still deep pools. Several instances of the manner in which the traps yield to the 
abrading forces occur, amongst which alternations of hard and soft beds (as at Nagthera 
near Poonea), frequently present most varied outlines. 

North of Gundavee at a hend in the Pooma river there is a quantity of red lateritic 
rock, which from its peculiar prismatic jointing assumes a columnar appearance when viewed 
in one. direction. It seems to dip to the north at 15°, and a few yards above it in this 
direction with a similar dip are some red shales and a band of loose conglomerate or coarse 
sandstone a foot thick which probably belongs to the upper series. Unfortunately very little 
of these rocks is seen projecting from the alluvium, but although the want of a good 'section 
is felt, there is little douht that the boundary of the two groups passes near the place and 
perhaps includes the lateritic rock in the Nummulitic series. 

At a little more than 100 yards north of this spot parts of the skulls and several bones 
of two human skeletons were found exposed in the alluvial cliff on the left bank of the river, 
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at a depth of several feet from the general surface of the ground and 18 inches below the 
local surface, which in this place seemed to have been excavated by rain.* 

From this neighbourhood the alluvium rapidly becomes thin to the east, and although it 
does not possess any marked, natural boundary, it is seen to grow narrow towards the south, 
the trap country approaching the coast and the plain becoming dotted witli hills all formed 
of trap. High ranges of hills are seen away to the east and south beyond the limits of our 
district and trap rocks occur in all the rivers. Some of thp isolated trap hills rise to a con¬ 
siderable height. That at Parneira, the most conspicuous among them, roughly measured 
by a barometer is at the summit nearly 200 feet above the plain at its base, but it looks much 
higher. The trap of this country does not differ from that stretching along the whole of 
the east side of the district, and although it is not to be seen everywhere, there is no want 
of evidence to show that the whole country is composed of it. Dykes are perhaps more 
numerous than in several other parts of the district: where the Kailway crosses the 
Da maun river and where there are a great number, their general direction approximates 
to north and south. 

From near Teetul on the coast west of Bulsar and re-appearing at intervals to the 
south, is a growing deposit of recent conglomerate formed of the materials of the beach 
cemented by carbonate of lime; it is stratified, the strata dipping at a low angle seawards, 
and the dead shells which it contains have been in many instances completely fossilized and 
replaced by carbonate of lime even when they happened to be a large variety of Murex, whose 
shell is very thick; but in few instances, if any, was the interior of the shell filled up by 
either sand or the cementing matter. 

Additional observations regarding the cephalopodous fauna of the South Indian 

cretaceous deposits, by Ferd. Stoliesha, Esq., Ph. D., Palaeontologist, Geol. Survey, 
India. 

Since the completion of the volume on the Cephalopoda of the cretaceous rods of 
Southern India, fat the end of 1865, several additional observations have been made regarding 
this portion of the fauna. No fresh materials have been procured, but having had last year 
the opportunity of examining, in London, Prof. Forbes’ original collection, made by Messrs. 
Kaye and Cunliffe, and also in different European Museums a large number of other species 
with which Indian Cephalopoda have respectively been identified, I have obtained additional 
information of various kinds. Some of this is very important, inasmuch as it throws a new 
light upon the determination of the species, requiring alterations in the names, &e.; it appears, 
therefore, desirable that these changes should be noticed at an early date. The observations 
must be considered as a supplement to the volume on the Cephalopoda, already published. 

NAUTILID2E. 

NAUTILUS, Auctorum. 

Nautilus danicus, Schlotheim.—(Ceph. 1. cit., p. 24 and 208). 

Nautilus delphmus, Forbes (Trans. Geol. Soc., Lond., 1846, VII, pp. 98 and 99), which 
was described from two specimens in Messrs. Kaye and Cuuliffe’s collection of Pondicherry 
fossils, must be considered as identical with the above species. Forbes’ figure on p. 99 is 
reduced to one-half the natural size, bemg taken from a larger specimen, which is, however, 
veiy much corroded at the surface. In consequence of this erosion the outline of the septa 
became rather different and the thickness of the whorls has decreased. Both the specimens 
and also some others in our collection appear to have had originally the whorls somewhat 
more flattened laterally than typical Naut. danicus usually have them, but there are again 
in our collection some other specimens which fully agree with Sowerby’s original figure in 
Trans. Geol. Soc., Lond., 1840, vol. V, pi. 18, figs. 4-7. Another apparent distinction of 

* There appeared to be no trace of a burial ground on the bank of the river here, and the lower extremities 
pointed in the direction in which the stream runs, but as the natives of India are often buried near wherever they 
happen to die, while some castes bring dying people to the rivers, it is thought more safe merely to record the fact, 
than to build any geological theory upon so questionable an occurrence, 

f Pakeontologia Indica, Vol. J, I860, 
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the two original specimens of Prof. Forbes is the small number of septa, one of the specimens 
having 10 and the other 12 of them, while of two specimens of N. daideus from Riigen, in 
the Geol. Soc. collection, one has 16 and the other 18 septa. I have compared all our avail¬ 
able specimens of this species, and I find that the number of the septa appears greatly to 
vary. Inflated specimens usually have a smaller number of septa, as few as 10 in one circuit, 
but this number always increases in somewhat greater proportion with the size of the shell; 
more compressed specimens usually have 16—20, but occasionally as many as 24 septa, these 
being arranged much closer to each other the more they approach the body whorl. 

A MMONITIDJE. 

AMMONITES, Auctorum. 

Ammonites Blanfobdianus, Stoliezka, Ceph. 1. cit., p. 46. 

This species is closely allied to some of the compressed varieties of Am. various, but 
always distinguished from it by a much narrower back, higher and serrated keel; the septa 
are in both species almost identical, but appear to be a little less serrated in the Indian fossil. 

Am. various and Coupei stand in about the same relationship to each other as do 
Am. Mantelli and Am. navicularis. 

Ammonites bosteatus, Sowerby ; Am. inflates. Sow., Ceph. 1. cit., p. 48. This last 
name must be replaced by the former, inasmuch as it is not only more characteristic, but also 
has priority, the species having been first figured and described under the above name. 

Ammonites Siva, Forbes, Ceph. loc. cit., 39. The terminations of the saddles of this 
species are phylliform, exactly as in the Heteeopuylli, for which Suess proposed the 
name Phylloceras. 

Ammonites Ebmbda, Forbes, Ceph. loc. cit., p. 63. 

One of Forbes’ specimens of Ammonites Dwrga is a young shell of this species, having 
the upper layer of the shell removed and the keel therefore obsolete. The specimen figured 
by me (loc. cit., pi. 71, fig. 6) as a young specimen of Am. Furga also belongs to 
Am. Fembda. 

Ammonites idoneus, Stoliezka, Ceph. loc. cit., p. 64. 

Another specimen apparently of this species has been subsequently found in the greyish, 
siliceous sandstone from near Andoor. It is about the same size as the one figured on 
plate 36, but has no trace of tubercles, the transverse ribs becoming, however, somewhat 
obsolete at the centre of the back. It is also slightly irregularly coiled at the inner edgo 
of the umbilicus, giving the shell an appearance of a young Sea-plates. 

Ammonites vicinalis, Stoliezka, Ceph. loc. cit,, p. 84, pi. 44. 

It is, as formerly stated, very doubtful whether this species is distinct from Amm. Saxbii, 
Sharpe. I have compared the original of the English fossil, which in general character fully 
agrees with the Indian species, merely differing from it by a larger number of intermediate 
shorter ribs and a more squarish section of the whorls, while all our specimens of Amm. 
vicinalis are conspicuously compressed towards the back. Until more and better pre¬ 
served specimens of the English species have been found they cannot be pronounced to be 
identical; the outlines of the lobes are in both the same. 

Ammonites dispaii, d'Orhigny, Ceph. loc. cit., p. 85. 

I have seen a specimen of this species in a collection of fossils of the Hanoverian 
cretaceous deposits in the Museum of the Mining Institute at Berlin. 

Ammonites guadalocp/e, Iiomcm, Ceph. 1. cit., p. 90. 

Romer’s original specimen, which is in the University collection at Bonn, is rather badly 
preserved; it has the umbilical tubercles somewhat more distantly placed from the suture, 
than in most of our specimens, but this does not appear sufficient to be a specific distinction 
between them. 

Ammonites Obbignyanus, Geinitz, Ceph. loc. cit., p. 92. 

Young specimens of this species have a few small, sharp tubercles at the edge of the 
umbilicus, and the lateral ribs being strongly flexuous on the outer half of the whorls become 
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almost obsolete oil the inner one. Our fossil perfectly agrees with Geinitz’s original 
specimens in the Museum at Dresden. 

Ammonites subobtectits, StoliczJca, Ceph. loc. cit., p. 96. 

In Sharpe's collection, presented to the London Geological Society, there are one large 
specimen and three fragments of Am. obtectus. The row of tubercles in the middle of the 
hack is distinctly traceable, though it sometimes appears to become obsolete ; the transverse 
ribs are present in the same number as the lateral ones; the distinction mentioned (loc. cit., 
p. 97) as existing between the European and the Indian fossils must, therefore, be retained. 

Ammonites Cunliffei, Forbes, Ceph. loc. cit., p. 97, is a Scaphites, and will be noticed 
subsequently. 

Ammonites Pavana, Forbes. 

18-10. Ammonite* Havana, Forbes, Trans. Geol. Soc., Fond., VII, p. 110, PI. VII, Fig. 5. 

Amm. testa compressa, lateraliter applanata, moderate umbilicata, costis flexuosis 
prope margimm dorsalem sub-tuberculatis, longioribm et brevioribus alternantibus, 
ornata ; dorso obtuso, paullulum rotundato et lateraliter compressiusculo. 

Height of outer whorl : the whole (considered as l'OO) ...   0'60. 
Width of umhilicuB : ditto ... ( „ „ „ ) .0'29. 
Thickness of whorl : its height ( „ „ „ ) ...   0'43. 

Prof. Forbes’ original specimen, though not very perfect, appears to he distinct from all 
other Ammonites, as yet known from the South Indian cretaceous deposits. It has the 
appearance of a young Seaphites; but for this the shell is too regularly coiled, and besides 
most of the species of that genus have the ribs at the back generally recurved, not bent 
(or at least not so strongly) anteriorly. The lateral ribs are in Am. Pavana strongly 
flexuous, double curved, becoming gradually thicker towards the edge of the back, where 
they are provided with small tubercles; obsoletely continuing across the back, which is 
obtusely rounded; each long rib alternates with one or two shorter ones. 

The specimen appears to he from the Arrialoor sandstone near Pondicherry. 

Ammonites Ganesa, Forbes, Ceph. loc. cit-., p. 106. 

Amm. Soma, Forbes (Trans. Geol. Soc., London, 1846, VII, p. 102, pi. VII, fig. 7) 
must he considered as a synonym of the above species, the name having been proposed for 
a young specimen of the same. Forbes’ remark on the tablet of the original specimen in 
the London Geological Society’s collection was already to that effect. 

Ammonites Indba, Forbes, Ceph. loc. cit, p. 112. 

Amm. Garuda, Forbes (Ceph. loc. cit., p. 149, pi. 74, fig. 5) is, remarkably enough, only 
a young specimen of the above. There are three specimens of this species in the London 
Geological Society’s collection; all show the furrows on the back. The young shell has 
really a very different aspect from the old one, inasmuch as the whorls begin to increase 
very rapidly in width as soon as the specimen has attained a certain size. The specimen 
figured as A. Garuda has a markedly large umbilicus. The outlines of the septa are quite 
the same as those of Am. Indra. 

Ammonites Velled.e, Miclielin, Ceph. loc. cit., p. 116. 

Amm. Nera, Forbes (loc. cit., p. 106, pi. 8, fig. 7) is only a young specimen of the above 
European species. 

Ammonites Kolotueensis, Sloliczka, Ceph. loc. cit., p. 127. 

Amm. ? indicus, Forbes (loc. cit., p. 114, pi. 8, fig. 9) may be a fragment of a whorl of 
the above species, but the original is so much mutilated that it is impossible to form any 
decisive opinion. The fragment is valueless in point of identification. 

Ammonites diphtlloides, Forbes, Ceph. loc. cit., p. 119. 

The specimen described by me, loc. cit., p. 120, pi. 59, fig. 12, under the name of 
Amm. Yama, Forbes, is identical with the above species. It has the shell partially preserved, 
and the transverse furrows consequently not traceable; the difference then pointed, out as 
existing between the division of the sutures was due to the small diameter in which the 
sutures were observed on that specimen. The original specimen of Amm. Yama, Forbes, 
is the same which I have referred to Amm. Beudanti, which now must stand under the 
former name, being distinct from the European fossil. 
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Ammonites Vaju, Sloliczka, Ceph. loc. cit., p. 132. 

Prof. Geinitz in Dresden directed my attention to a few specimens in his Museum, being 
apparently identical with those described under the above name, but on the other hand not 
easily distinguishable from Amin, peramplus. The relations of the two species are indeed 
remarkable, and Amm. Vaju would only seem to be a compressed variety of Amm. peramplus, 
still the distinctions pointed out by me (loc. cit., p. 132) are remarkably constant; none of 
our specimens of the former had the distinct furrows of the latter developed; besides this 
the direction of the ribs in both species also is somewhat different. Until more specimens 
of the present form have been found the specific distinctions must be retained. 

Ammonites Yama, Forbes, 

1816. Amm. Tama, Forbes, Trans. Geol. Soc., London, 18-46, VII, p. 107, PI. VII, Fig. 4; not idem. Ceph, loc. 
cit., p. 120. 

1865. Am. Beudanti, Brong., Stoliczka, Ceph. loc. cit., p. 142. 

I am indebted to my friend Prof Hebert in Paris for having directed my attention to the 
most constant and distinguishing character of the European Gault species, Amm. Beudanti, 
Brongn., as compared with our Indian species, which in general differs from the former by 
having the whorls less high compared to their width, laterally a little more convex, along 
the back not contracted, and the umbilicus slightly larger in proportion. There arc, however, 
of the European fossil occasionally specimens to be found, which are extremely closely allied to 
our species, and only differ by a scarcely traceable greater compression of the whorls (compare 
Pictet’s figures in Pal. Suisse, 2nd Series). The most important difference between the two 
species lies in the form of the outline of the septa. Those of Amm. Beudanti are com¬ 
paratively broader, less high, and the laterals gradually diminish in size as they approach 
the umbilicus, on the edge of which the sixth lateral saddle is situated; only one or two 
very minute ones are present on the umbilical slope. In our Indian species the outlines 
of the septa have higher, more ramifying saddles and lobes, and the third lateral saddle 
lies on the edge of the umbilicus, there being at least three additional and very oblique 
saddles situated on its sloping side. All the lobes of Am. Beudanti are arranged in an 
almost straight line, while those of the present species form a distinct curve. The number 
of the septa is tolerably well marked in d’Orbigny’s figure in the “ Pal. Francaise.” 

Prof. Forbes’ original specimen of Amm. Yama is a young shell of the present species, 
and I therefore retain the older name, which appears the more justifiable, as the specimen 
which I have previously (loc. cit., p. 120) described under that name has proved to be only 
a somewhat abnormal form of Amm. diphylloides. 

Ammonites Sacya, Forbes, Ceph. loc. cit., p. 154. 

The species described by Coquand from the cretaceous beds of Algiers under the name 
of Amm. Pauli is probably a young shell of this species (Geol. and Pal. Province Con¬ 
stantine, 1862, pi. 35, figs, 1-2). 

SCAPIIITES. 

SCAPHITES CUNLIFFEANTTS, Forbes, sp. 
Ammonites Cunlijfei, Forbes, Ceph. loc. cit., p. 97. 

Scaph. testa lateraliter compressa, costis ad intervalla fortioribus, flexuosis, mme- 
rosis brevioribus ac. tenuioribus interpositis oi'nata, primis ad marainem umbilicalem 
et dorsalem acute tuberculatis ; anfractibus junioribus regulariter involutis, ultimo antice 
paulo-exienso, dorso subconvexo. 

The original specimen figured by Forbes in Trans. Geol. Soc., London, 1846, VII, 
pi. 8, figs. 2 a and 2 b, is unmistakably a Scaphite ; it has the last whorl somewhat more 
produced at the umbilical line, than is shown in the figure. The shell is flattened laterally, 
ornamented with numerous flexuous ribs, -which terminate in sharp tubercles at the edge 
of the back and of the umbilicus, the former being slightly rounded; the sides of the 
umbilicus are perpendicular. 

The young shell has the lateral ribs more straight, and the tubercles on the umbilical 
edge almost obsolete (see pi. L, fig. 3). 

The outline of the sutures, as represented in fig. 3 c, pi. 50, is also characteristic of a 
Scaphite, there being only the first and second lateral lobe present, while the auxiliary lobes 
and saddles rise suddenly in an oblique line towards the umbilical suture. 
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SCAPHITES SIMILARIS, Stoliczka. 

1866. Scaphites cequalis, Sowerby, Stoliczka, Ceph. loe. cit., p. 167, PI. LXXXI, Figs. 4-6. 

I have compared in the British Museum the original specimens of Sowerby’s Sc. cequalis 
and obliquus as recorded in that author’s Mineral Conchology; the figures are in general 
correct. The inner whorls of both the species are usually of the same thickness and not to be 
distinguished from each other, but the form described as Scaph. cequalis has on the last 
whorl the transverse ribs less numerous, thicker, the sides somewhat more flattened, and 
the general form is usually a little longer than in Scaph. obliquus, Both are very closely 
allied, and, when examining numerous specimens in Sharpe’s collection and others in Paris 
and Dresden, the frequent occurrence of the two forms together in the same beds and the 
same localities so very much struck me that I thought they very probably only represent 
different sexes of the same species. Still so long as the distinctions, fomierl'y noticed, 
exist, and no other direct proof in favour of their specific identity can be produced, we cannot 
but retain them as distinct forms under separate specific names. 

The species which I have noticed as Scaph. obliquus (Ceph., p. 168) is in every respect 
identical with the European form, but the other which I have identified with Sc. cequalis, 
and for which I now propose the name Sc. similaris, is distinct from it, though it undoubt¬ 
edly must be regarded as a representative species. It differs from Sc. cequalis, by having 
the first whorls less involute, flattened at the sides, almost smooth, and by the want of the 
peculiar projection in the umbilical space at the base of the body-chamber, which projection 
is distinctly traceable in both the European species. Scaph. similaris also appears to be a 
more compressed form than Sc. cequalis. 

ANTSOCERAS,* Pictet, Ceph. 1. cit., p. 170. 

Anisoceras eugatum, Forbes, Ceph. loc. cit., p. 178. 

Anisoceras sub-compressum, Forbes (Ceph. loc. cit., p. 179, pi. 85, fig. 7) is based upon 
a fragment of the above species. Forbes' figures of Ards, rugatum, sub-compressum, and 
indicum, are taken from fragments which do not exactly agree with the specimens in the 
London Geol. Society’s collection, so far as the form of those specimens is concerned, hut 
there are fragments of all the species represented in the collection. Some of the specimens 
determined by Forbes as Aids, sub-compressum belong to Aids, indicum. 

TURRILITES, Lamarck, Ceph. loc. cit., p. 184. 

Tubbilites planorbis, Forbes, Ceph. loc. cit., p. 185. 

This name has most likely been applied to a small cast specimen of Amm. Sacya, 
Forbes, of which I found several small specimens, hut I have in this single instance not 
succeeded in procuring Forbes’ original specimen, from which fig. 5, pi. 9, in the Trans. 
Geol. Soc., London, was taken. 

Tpreilites, Coif, Beazoensis, Romer, Ceph. 1. cit., p. 189. 

Rdmer’s original of Turr. Brcizoensis is very like our fossil, but it shows a slight 
difference in tho direction of the ribbings connecting the tubercles; still their identity is 
very probable; neither of the two respective fragments are, however, sufficiently preserved 
to give a direct proof of this assertion. 

HAMULINA, d'Orbigny, Ceph. loc. cit., p. 192. 

Hahulina sttblevis, Stoliczka, Ceph. loc. cit., p. 193. 

I have seen specimens of this species in the .National Museum at Prague; they were 
collected from the lower beds of the Bohemian cretaceous deposits at Korizany. 

Summing up the most important changes regarding the different species, it will be 
observed that Ammonites Parana, Forbes, has been newly added to the list of the Cephalopoda; 

l b &abb wujes word, under date ot June 2nd, 1868, Philadelphia, that he has a new form, inter- 
i“di He also suggests a new generic name for species like Plyrhoceras 

Forbesmum, tofanguished by having two links, but it seems to me that our materials of good specimens of 
Ammmrnoidforms. V suftcleu to suPP°rt a‘>y essential changes in the nomenclature of these ami others allied 
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the species formerly described as Amm. Beudanti is different from the European fossil, 
and has to stand under the name Amm. Yama, while the specimen formerly noticed 
under that name is identical with Amm. dipliylloides. Several other species formerly 
described by For-bes under the names of Amm. Soma, Amm. Neva, Garuda, and others have 
been found to be identical with other known species; the specific name Amm. inflatus has 
to be replaced by that of Amm. restrains ; Amm. CunUffei is a Scaphite, and the species 
noticed as Scaph. ce.qv.alis has to be changed to Sc. similaris, n. sp.; and last Anisoceras 
sub-compressum has been found identical with Ait is. rugatum. 

These changes reduce the number* of Cephalopoda from 148 to 146, three species 
having been identified with others, but one was newly added; the genera represented are, 
Belemnites with 3 species, Nautilus with 22, Ammonites with 91, Scapfiites with 4, 
Anisoceras with 10, Helicoceras with 1, Turrilites with 6, Ha-mites with 2, and Hamulina 
with 1, Ptyclioceras with 3, Baculites with 3. The list of the 38 species identical with 
those of Europe and other countries must be reduced by one, for though Amm. Yama and 
Sc. similaris must now be considered respectively as distinct from Amm. Beudanti and 
Sc. aqualis, I have recorded the occurrence of Hamulina sublevis in the Bohemian creta¬ 
ceous deposits. 

Lead in the district of Baepoee, Central Provinces.—In the month of May 
last, a specimen of lead ore was received from the Deputy Commissioner of Eaepore, with a 
request for information as to its nature and value. It was stated by Captain Twyford to be 
found extensively in the hills between Eaepore and Balaghat, and also near Chicholee, where 
there is a Dak Bungalow on the great eastern road. On examination it proved to be galena 
in crystalline masses imbedded in green fluor-spar forming a vein in quartz. On assay 
only a trace of silver was found to be associated with the lead. The impossibility of forming 
any idea of the commercial value of a metallic vein or lode from a hand specimen was also 
noticed. 

Subsequently very similar specimens were forwarded by Colonel J. E. Gastrell, Deputy 
Surveyor General, together with copies of letters from Mr. E. B. Smart, Bevenue Surveyor, 
who bad collected these himself on the spot. He describes the locality thus : 1 The hills in 
which the ore is found are situated in the lands of Khyragurh and Nandgaon, and three miles 
to the west of Chicholee Dak Bungalow, near the village of Baneetalao, and Nandga. 
The hills consist of large masses of quartz imbedded in black earth. The metal runs 
through the quartz in veins and crusts.’ Mr. Smart considered it to be not galena, but the 
tersulphide of antimony. 

These better specimens enabled us to cupell a larger portion of the ore, but with the 
same results ; the amount of silver present, although appreciable, is not sufficient to be of any 
practical value. There is no antimony present. Fluor-spar is more abundant than was at 
first thought, and the colour is quite as frequently of a rich purple as greenish. 

From Mr. Smart’s description the specimens sent appear to have been derived from 
loose blocks, but there can be no question that they formed part of a regular vein, which 
must have existed where these loose blocks were derived from. And in all probability 
this was at no great distance from the spot where they were found. It will be desirable 
to trace out this lode, and prove its extent or value. It looks, both as to rock and gangue, 
decidedly promising.—July 1868.—(T. 0.) 

Coal in the Easteen Hemispheee.—The vast importance of any local supplies 
of coal in the eastern seas, both as bearing on the development of navigation and commerce, 
and as tending to relieve the intensity of the strain on the limited resources of Great Britain, 
from which hitherto most of the supply has been derived, renders peculiarly interesting at 
the present time any trustworthy inlormation regarding the various sources from which coal 
may possibly be procured, their exact locality, probable extent, and the character and value 
of the fuel obtainable. We have therefore abstracted, as briefly as possible, a paper 

* Those litre Amm. Snmu, Amm. New, ami pavatoa, etc., were not included in my paper published in Quart. Journ. 
Gcol. Soc., London, 1865, vol. XXI, p. 408. 
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by Cuthbert Collingwood, M. B., on the Formosa, Labuan, Siberia, and Japan eoal, which is 
printed in the Quar. Jour. Geol. Soo., London, No. 94, May 1st, 1868. 

Formosa coal district is near Kelung, in north-east corner of island. Mines, about one mile 
to east of town, on the hills bordering on Quar-se-Kau Bay, are reached by boat. Leaving the 
boat you pass a range of red sandstone hills, dipping about 16°-17° to south-east. All the 
country around Kelung is of red sandstone, the weather-worn outcrops forming the depression 
in which the coal appears to have been deposited. The workings when visited consisted of 
two small caverns at right angles to each other in the. coal-seam, which was, at outcrop, 
2.j feet thick. It rested upon a thin bed of still’ whitish clay, and was covered hy a bank of 
rubbly clay, 40 to 50 feet high. Workings were nearly on the level and of very primitive kind. 
No machinery is used, no shafts are sunk; the coal is picked out and removed in small 
baskets to boats, hy which it is conveyed to the harbour and is deposited in the coal-stores, 
where it is not in any way protected from the weather, and rapidly deteriorates. The mines 
are exclusively worked by Chinese. Coal is of recent formation, and lies over the sandstone. 

Another thin seam of indifferent coal was seen near the town of Skiddow, about the 
middle of this part of the island, ‘ over which wTas a bed of stiff clay, abounding in large 
‘ oyster-shells, seven or eight inches long, of a species (probably the recent Ostrea Canadensis), 
‘ which I have seen brought to Canton in vast numbers for the purposes of lime-making.’ 

The Kelung coal is light, burns very rapidly, and gives out a great heat, so that it 
readily sots the funnel on fire. It is extremely dirty, produces a vast number of blacks of a 
soft and soiling character; the flues get rapidly very foul, requiring frequent cleansing. It 
leaves 50 per cent, of ash : its cheapness being therefore doubtful. 

The Labuan coal-field is in a dense jungle, where the coal crops out conspicuously not 
far from the sea. The coal district is chiefly composed of a soft yellow sandstone, dipping 30° 
north by east. There are several seams of coal; the lowest is 11 feet 4 inches thick, but in 
quality this is not the best seam. The coal roof is a stiff blue clay, not fire clay. The 
highest seam is 4 feet C inches in thickness; the second 2 feet 9 inches ; the third is 3 feet 
9 inches; the ftmrth 11 feet 4 inches. Above this fourth seam there are 8 fathoms of grey 
shale in which fossil shells are occasionally found. There are two shafts, one to tho first seam, 
and the other 45 fathoms deep. A third is being put down, which will go to 100 fathoms. 
There are also 7 or 8 level workings. There is great difficulty in getting labour. Nominally 
the Company have 600 of various nations, but only 300 are at work. The present out-turn 
is 80 tons per day. This is conveyed down a tramway, less than a mile in length, to the 
coaling pier. With more labour it is said 200 tons per day could readily be raised. 

Labuan coal is better than that from Kelung, heavier, close grained, tolerably clean, 
very free from sulphur, and forms but little clinker. It burns fast, gives out much heat, 
flame3 issuing from funnel often extending 6 or 8 feet, and endangering the rigging. It 
produces a large quantity of soot, which renders everything filthy. It would seem to be 
like the Kelung coal, a lignite. Mr. Low, of Labuan, states that he has found in “ the stiff 
“ clay roof of some of the seams impressions of leaves in very perfect preservation identical 
“ with those of trees at the present moment growing in the jungle.”(?) There are in the coal 
itself frequently found tears of ‘ pure Dammar resin’, and the Dammar pine is still a common 
tree. On one occasion a mass, 6 lbs. in weight, was found. It has a remarkable tendency to 
occur in veins. 

Petroleum is found in immediate vicinity of coal districts, both at Kelung (Formosa) 
and at Labuan. The Chinese also have an idea that Formosa is rich in gold; gold has 
been found. There is a petroleum spring not far from the mines; in Labuan a pathway 
to the spot in the jungle has been cleared, but no workings have been undertaken. There are 
other springs in the neighbourhood. 

Russian coal.—This is at Possiette on the coast at south point of East Siberia, and 
atDuion the island of Saghalien, at the head of Castries Bay. The latter is a convict 
settlement; the coal is worked by the convicts, and used solely for the Russian ships of war. 
This coal is small, of excellent quality, presents longitudinally a conchoidal, and transversely 
a cubic fracture, like Welsh coal, producing a moderately dense dark brown smoke. 
Steaming qualities said to be equal to Newcastle coal, and owing to its caking qualities it 
would probably bnm very well mixed with any small Welsh coal, too small to burn by 
itself. Amount of ash, cinder, and soot 20 per cent. 
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The Possiette coal lias a vitreous fracture, more like English Cannel coal, is very bitu¬ 
minous, and burns quickly; leaves a large residue of whitish brown ash, with a moderate 
quantity of clinker; deposits soot much more than Newcastle coal. 

The Dui coal appears to he a lignite. 

In Japan also several kinds of coal occur, only small quantities arc obtained, and the 
Daimios will not allow it to be sold for public use, so that not much is known regarding 
the qualities of the coal. There are five kinds, known as Gorio, Hirado, Korkora, Emakbodkh, 
and Korgak, which appear to possess good qualities. And several others which are very 
inferior, forming an immense quantity of clinker, and unfit for steaming purposes, though 
no doubt valuable for domestic use. 

The Korkora coal is of two qualities; one inferior, dirty brown, showing thin rod 
layers when broken and conchoidal in fracture. The better land is bright, clean and hard, 
liable to form clinker, so that it was found desirable to increase the apertures between the 
fire-bars with the ordinary tubular boilers. It resembles Sydney coal in appearance, and 
appears to have a waste (ash, soot, and clinker) of about 30 per cent. 

Korgah coal recently brought to Nagasaki is very similar in appearance and quality. 

Emakbodkh coal shows clayey layers, and conchoidal laminations of a white calcareous 
substance, either carbonate or sulphate of lime. This scaly appearance is characteristic. 
It burns well, though with much smoke. 

Hirado coal is either hard or soft. The soft kind cannot be used for steaming, as it 
is reduced to powder by being shaken up in the bunkers, otherwise it is a good coal. Of the 
harder coal there are two varieties; one abounds in earthy matter and silica, producing a 
vitreous glaze on the clinker, and tho other is light in appearance, resembling Welsh coal, 
and contains about 72 per cent, of carbon. It has a cubical fracture. Consumption is about 
\ more than best Welsh coal, with which, however, it might be advantageously mixed. 

Tho best of the Japanese coals is the Gorio; a clean hard cubical coal, like Welsh, and 
with 73 per cent, of carbon. Only small quantities, however, have been brought to Nagasaki; 
and the mine has fallen in in consequence of heavy rains, so that some time will elapse before 
the old workings can bo made use of. 

A remarkable coal has been brought in small quantity from Ivauai, in the north part of 
Nipon, where there appears to be a large mine of it. Tho Daimio to whom it belongs is not 
friendly to foreigner's, and the coal is therefore procured with difficulty. The coal is worked 
by the Japanese. It is a clean highly bituminous coal, and will burn with flame in the light 
of a caudle. “ It appears like tho rest to he a lignito.” Quar. Jour. Geol. Soc,, London, 
Vol. XXIV, p. 98.—(T. 0.). 

Meteorites.—Through the kindness of Dr. M. Hornes, Director of tho Imperial Mineral 
Cabinet, Vienna, we have received a valuable addition to our series of meteorites. This is 
a very lino specimen of tho fall which took placo near Pultusk in the vicinity of Warsaw on 
the 30th of January in the present year. 

Through tho Austrian Consul General in Warsaw Dr. Homes had procured a specimen, 
the third largest which fell. This was divided into three parts for examination, and of 
these three Dr. Homes with his usual liberality has sent to me the second in size. It weighs 
6oz. 398grs. The largest Specimen which fell was in possession of a private party ; the second 
largest went to the Imperial Mineral Collection in St. Petersburg]]. 

The fall occurred on tho river Narew, about half way between Pultusk and Ostrolonka, 
about 36 English miles north-east of Warsaw. The stone sent to Vienna was actually picked 
up in the village of Sielc Novvy. 

Dr. W. Haidinger, in a briof notico of this fall (read to the Imperial Academy of Sciences 
at Vienna, on 12th March 1868) says : “ From the various reports which have appeared, it is 
clear that we have here again to-deal with a truly magnificent phenomenon, beginning as 
a shooting star, afterwards appearing as a fireball of half the diameter of the moon, then 
vast detonations, at last a fall of meteoric stones, over a tolerably large extent of ground.” 

o 
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'The stone received in Vienna was perfect, that is, it was covered on all sides with 
a distinct crust, hut at the same time, judging from its shape, it was truly an angular 
fragment of a rock-mass, which burst long prior to its reaching our atmosphere. It was a 
somewhat conical fragment, rather sharply angular in one direction, where the sides, 2 to 
3 inches broad, meet at an angle of about 60°. In the other directions, the three sides 
meet at angles of from 90° to 105°.’ 

‘ The surface is rather uniformly coated with a crust of about TA5th of an inch in thickness. 
This black crust is dull, fine grained, and on all planes covered with the well known and 
characteristic round shallow impressions. The stone was about 4 inches long, 3 broad and 2 
thick. One side was rough, the other more even, before the incrustation, but both are simi¬ 
larly incrusted. Even at the sharp angles, no molten edges are traceable which would 
indicate that the stone had passed through the atmosphere only in a given direction.’ 

‘ The fresh fracture of the stone, and especially the cut and polished surfaces, showed 
that the stone undoubtedly belonged to the group of falls indicated by Partsch, and including 
Eichstiidt, Barbotan, Bielaja Zerkow, Timochin, Zebrak, Gross-Divina, to 
which must since be added Pokra (Bustee). These are all grey, more or less dark coloured, 
locally brown, with more or less globular portions distinguished from the rest of the mass 
by a nearly black colour with much finely divided iron, a little pyrites, and probably troilite. 
The Pultusk stone is very similar to that from Gross-Divina. Its specific gravity is 3660 
(Sehrauf.), which indicates the large proportion of iron it contains. The average specific 
gravity of the group was determined by Partsch as 3'55 to 3'70.’ 

The stone would belong to the third class, sporadosuleres, and to the second sub-division 
of that class, oligosideres, of Mr. Daubrde’s classification.—(T. 0.), 

DONATIONS TO THE MUSEUM. 

Specimens of the following minerals have been presented by David Forbes, Esq, 
F. K. S., &c., &c. 

Titanoferrite, with hornblende 
Eisen-nickelkies (original typical form) 
Nickeliferous Pyrrhotine 
Bismuthino, with Pyrites ... 
Gersdorffite ... ... 
Phosphorite ... ... 
Native Bismuth, with Bismuthine ... 
Native Silver 

Staffelite ... ... ... 
Tyrite 
Titanofemte, with Aspidolite ... 
Gadolinite, with black Yttrotitanite 
Hornblende 
Tourmaline... ... 
Chlorapatite .. ... 
Kutile ... ... ... 
Cerite ... ... ... 
Alvite ... ... ... 
Native Alum ... ... 
Seapolite ... ... 
Cryolite ... ... ... 
Moroxite ... ... ... 
Titanic Magnetite ... ... 

.. Krageroe, Norway. 

.. Espedalen, ditto. 

.. Ditto ditto. 

.. Sorata, Bolivia. 

.. Dolschau, Hungary. 
.. Estremadura, Spain. 
.. Sorata, Bolivia. 
.. Thunder Bay, Lake Superior, 

Canada. 
.. Staffel, Nassau. 
,. Hafiufernyr, Norway. 
.. Krageroe, Norway. 
.. Ytterby, Sweden. 
,. Krageroe, Norway. 
.. Ekeland, Norway. 
.. Tambillos, Chili. 
.. Krageroe, Norway. 
.. Riddarshyttan, Sweden. 
.. Arendal, Norway. 
.. Smyrna. 
.. Krageroe, Norway. 
,, Greenland. 
,, Canada. 
,, Norway. 
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From the Royal School of Mines, London. 

Large mammillated mass of Haematite 
Three specimens of fibrous haematite 
Specimen of ditto showing tendency to fracture into 

paraboloids ... 
Specular Iron, crystallized, with quartz crystals, on haematite 
Copper pyrites, in mica schists (vein) 
Veinstone, showing deposits of Galena, Zinc-blende, calcite, 

&c. ... ... ... ,,, ... 
Asphalt, from great Pitch-Lake ... ... ... 
Tin ore with topaz ... ... ... ... 
Fahlerz, crystallized with quartz ... ... 
Celestine, from new rod marls 
Quartz crystals, group of 
Tinstone ... 
Tinstone, two large specimens ... ... ... 
Pyromorphite ... ... 
Cemsite ... ... ... ... ... 
Anglesite ... ... ... ... ... 
Chromo-molybdate of Lead 
Copper glance ... ... ... 
Antimoniate of Lead ... ... ... 
Graphite, Alibert mines... ... ... ,,, 
Zincite, with Franklinite ... ... ... 
Mica ... ... ... ... 
Magnetic Iron ... ... ... ... 
Ditto ditto ... 
Red iron ore ... ... ... ... 
Ditto ditto ... 
Schistose red iron ore ... 
Copper Pyrites ... ... ,,, 
Malachite, on brown iron ore ... ... ... 
Green carbonate of copper in gossan 
Pyrolusite ... ... ... ... >M 
Cyano-nitride of Titanium, artificial, from Iron furnaces ... 
Fibrous gypsum 
Pectolite ... ... ... 
Carbonate of Lead ... 
Scheelite 
Titanite, in Granite 
Sulphur 
Calcite ... ... ... 
Green fluor spar 
Plumbo-calcite ... 
Vanadinite 
Scapolite 
Beryl 
Garnet, with Idocrase ... 
Wulfenite ... ... ... " 
Rutile, in quartz ... 
Specular iron ore 
Manganite 
Baryto-calcite ... 
Barytes, in clay iron ore 
Actinolite , ... ,,, 
Zinc-blende 
Texasite, on chrome iron ore 
Green talc 

Whitehaven, Cumberland. 
Ditto ditto. 

Ditto ditto. 
Ditto ditto. 

Fahlun, Sweden. 

Przibram, Bohemia. 
Trinidad. 
Durango, Mexico. 
Saxony. 
Bristol. 
Dauphine. 
Huel Speame, Cornwall. 
Huel Owles, ditto. 
Wheatley, Mine, Pensylvania. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Monte Catini, Tuscany, 
Spain. 
Irkutsk, Siberia. 
New Jersey. 
Cornwall. 
Dannemora, Sweden. 
Bispberg, ditto. 
Langbau, ditto. 
Nassau. 
Ditto. 
Ditto. 
Ditto. 

Dillenburg, Nassau. 
Nassau. 
Workington, Cumberland. 
Nottingham. 
Ayrshire, Scotland. 
Zillerfeld, Hartz. 
Caldbockfells, Cumberland. 
Norway. 
Valais. 
Strontian, Argyleshire. 
Cumberland. 
Lcadhills, Lanarkshire. 
Wanlock-head, Dumfriesshire. 
Norway. 
Gwcebarra Mts., Donegal, 
Dun glow, Donegal. 
Bleibei'g, Carinthia. 
Perthshire. 
Elba. 
Hartz. 
Alston Moor, Cumberland. 
Workington, Cumberland. 
St. Gotthard. 
Cumberland. 
Texas, Pensylvania, 
St. Gotthard, 
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Sanidiue in Trachyte ... ... Drachenfels, Rhine. 
Green Pyromorphite .. ... ... ... Cumberland. 
Selenite with sand, from the basement bed of London clay, 

Upnor, near Rochester ... ... ... Kent. 
Purple tluor spar ... .. ... ,,, Cumberland. 
Brown fluor spar, with carbonate of iron ... ... AUenbeads, Northumberland. 
Albertite ... ... ... ... Nova Scotia. 
Qnavtz crystals ... ... ... ... Snowdon, Wales. 
Phosphorescent fluor spar, from East-pool mine, near Red- 

vuih ... ... ... ... Cornwall. 
Lithomarge, Restormal iron mine, near Lostwithiel ... Ditto. 
Fibrous Carbonate of Copper, with pyrites ... ...Ditto. 
Gun Flints, showing effects of intense heat on flints, from 

the Tower of London, after the great fire of October 31, 
1841. 

From J. Calvert, Esq., c. e.—Specimens of Schorl from Beerbhoom, and of Gold soil from 
Nicaragua. 

ACCESSIONS TO LIBRARY. 

From 1st Apeil 1868 to 30th June 1868. 

Titles of Books. Donors. 

Adams, Arthur.—The Zoology of the Voyage of Her Maj. ship Samarang, under the 
command of Captain Sir Edward Belcher during 1843-46, 4to., 
London, 1850. 

Adams, Henry, and Angas, G. F.—Descriptions of new genera and species of Chitonidce 
from the Australian Seas, in the collections of George French Angas, 
Svo. 

Adanson, M.—Histoirc naturelle du Senegal, Coquillages, 4to., Paris, 1757. 

Alton, De. E. d’.—Ueber die von Herm Sellow mitgebrachten fossilen Panzerfragmente 
aus der Banda oriental, uml die dazu gehbrigen Knochen Ueberreste, 
4to., Berlin, 1834. 

Alton, De. E. d’ and Burmeister, De. H.—Der fossile Gavial von Boll in Wurtemberg, 
XII Plates, Fol. Halle, 1854. 

Ansted, Prof. D. T.—The Ionian Islands in the year 1863, 8vo., London, 1863. 

Anthony, J. G.—Descriptions of new species of American fluviatile Gasteropoda, Svo. 

Archer, Major.—Tours in Upper India and in parts of the Himalaya Mountains, with 
accounts of the Courts of the native princes, &c., vol. Ill, 8vo., 
London, 1833. 

Badin, Adolphe.—Grottes et cavernes, Svo., Paris, 1867. 

Baily, W. H.—Figures of characteristic British fossils with descriptive remarks, Pt. 1, 
Pis. I-X, 8vo., London, 1867. 

Bareande, Joachim.—Svstdme silurien du centre de la Bolieme, Vol. II, 3, PI. CCXLV, 
CCCL, 4to., 1868. 

Bauder, J. F.—Kurze doch eigentliche Beschreibung eines bei Altdorf im Niirnbergischen 
neuerlich gesundnen lrostbalirn mid noch nie gesehenen Ammoniten 
und Belemniten Marmora den Hohen und alien curieusen Liebhabern 
vorgeleget von dem Erfindcr, 4to., Altdorf, 1754. 

Baijdee, J. F.—Beschreibung des kostbahm Altdorfischen Ammoniten und Belemniten- 
marmors wie solche zum erstemnal im jahr 1754 gemacht und in dem 
Drucke vorgeleget worden ist von dem Erfinder. 4to., Altdorf, 1751. 

Beddome, Captain R. II.—The ferns of British India, Pts. XVII, XVIII, XIX, 4to., 
Madras, 1867-68, 
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Titles of Books. Donors. 

Binney, Amos.—Terrestrial mollusks and shells of the United States, Vols. I—IV, edited 
by Gould, Boy. 8vo., Boston, 1851-59. 

Binney, IV. G.—Check List of the shells of North America, Terrestrial Gasteropoda (Smith¬ 
sonian Miscellaneous Collection), 2nd Edition, 8vo. 

Blanfoed, H. F.—On the specific identity of the described forms of Tanalia, 4to., London. 

Bohn.—Testacea Musei Cresarei Vindobononsis, Boy. Fob Vindobonas, 1780. 

Bokn.—Catalogue methodiqUc et raisonne de la collection des fossiles de Mile. Eleonore de 
Baab, Vols. I, II, 12mo., Vienne, 1790. 

Boueguignat, M. J. B.—Mollusques nouveaux litigieux on peu connus, Fascl. VIII, 8vo., 
Paris, 1867. 

Boubnon, Count de.—A descriptive catalogue of diamonds in the Cabinet of Sir Abraham 
Hume, Bart., with Plates, 4to., London, 1815. 

Beaun, F.—Verzeichniss der in der kreis-naturalien Sammlung zu Bayreuth befindlichen 
Petrefacten, 4to., Leipzig, 1840. 

Beaed, C.—Traite des pierres precieuses, des porphyres, granits, marbres, albrates, et autres 
roches, propres a recevoir le poli et a orner les monumens publics et les 
edifices particuliers, Pts. I, II, 8vo., Paris, 1808. 

Beonn, H. G.—System der Unveltlichen Konchylien, with Atlas, Fol. Heidelberg, 1824. 

Bbonn’s, De. H. G.—Klassen und ordnungen des thier-reichs wissenschaftlich dargestellt in 
Wort und Bild., Bd. V., Lief. 5, Boy. 8vo., Leipzig und Heidelberg, 
1868. 

Beown, Bobeet.—The miscellaneous botanical works of Bobert Brown, Esq., Vol. II, 
(Bay. Society), 8vo., London, 1867. 

Catcli.0, T. A.—Saggio di zoologia fossile, 4to,, Padova, 1827. 

Chaepentiee, J. F. B.—Mineralogische Geographie chursachsischen Landes., 4to., Leipzig, 
1778. > > u s- 

Chenu, M.—Illustrations conchyliologiques ou desciiptions et figures de toutes les coqnilles 
connues vivantes et fossiles, classees suivant le systeme Lamarck, 
24 Livraisons, Boy. Fob, Paris. 

Chitty, Edwaed.—Contributions to Conckology (of Prof. C. B. Adams), No. 1, Terrestrial 
and fhmatile shells of Jamaica, 8vo,, 1853. 

Conybeaee, Bev. W. D., and Phillips, Wm.—Outlines of the Geology of England and Wales, 
with an introductory compendium of the general principles of that 
science and comparative views of the structure of foreign countries, 
Pt. I (all published), 8vo., London, 1822. 

Ceoizet, L’Abbe, et Jobebt, Aine.—Becherches sur les ossemens fossiles du department du 
Puy-de-dome, 4to., Paris, 1828. 

Ceosse, M. H.—Observations sur le genre, et description de trois especes nouvelles avec un 
catalogue alphabetique des Cones actuellement connus, 8vo., Paris. 

Cuviee, G.—Memoire sur les especes d’eleplians vivants et fossiles, 22 pp. 4to., Paris. 

Cuypee, De, M. Cn.—Bevue de l’exposition de 1867, publiee par la Bevue Universelle des 
mines, de la Metallurgie, des travaux publics des Science et des Arts 
appliques, a 1’ Industrie sous la direction, Liv., la, 2, 2a, 3, and 3a, 
8vo., Paris and Liege, 1867. 

Daubbee, A.—Bapport sur les progres de la Geologic experimentale. Bee de rapp. s. 1. progr. 
des lett. et des Sci. en France, Boy. 8vo., Paris, 1867. 

D Aechiac, A.—Paleontologie de la France. Bee. de. rapp. sur les progr. des lett. et des Sci. 
en France, Boy 8vo., Paris, 1868. 

Dayidson, Thos.—A few remarks on the Brachiopoda, Svo. 



41 Records of ihe Geological Survey of India. [VOL. I. 

Titles of Hooks. Honors. 

D’Aubuisson de Voisins (translated by J. G. Wiemann).—Geognosie oder Darstellung 
der jetzigen Kenntnisse riber die phys. u. min. Beschaffenheit der 
Erdkiigel, Bd. I, II, 8vo., Dresden, 1821-22. 

Derham, W.—Astro-Tbeology or a demonstration of the Being and Attributes of God, from 
a Survey of the Heavens, 8vo., London, 1721. 

Dollfus-Ausset.—Materiaux pour l’etude des glaciers, Tom. VII, Svo., Paris, 1867. 

Dove, H. W.—Uber Eiszeit, Fohn und Scirocco, 8vo., Beilin, 1867. 

Eichwald, De. Edward.—Beise auf dem oaspiscben Meere und in den Caucasus, Bd. I, 
Pts. I, II, 8vo., Stuttgart and Tubingen, 1834-37. 

Engels, J. A.—Flora der Vorwelt, aus dem Werdenschen Steinkohlengebirge, 4to. 

Ettingshausen, C. E. von.—Die Famkrauter der Jetzwelt zur Untersuchung und Bestim- 
mung der in den Formationen der Erdrinde eingeschlossenen Ueber- 
reste von vorweltlichen Arten dieser Ordnung naeh dem Flaeliemskelet 
beoarbeitet, Fol., Wien, 1865. 

Favee, A.—Observations sur les dicer as, 4to., Geneve, 1843. 

Fleming, John.—History of British Animals, 2nd Edition, Svo., London, 1842. 

Fleming, John.—The Philosophy of Zoology, Vols. I, II, 8vo., Edinburgh, 1822. 

Feemont, Brevet Captain J. C.—Narrative of the exploring expedition to the rocky Moun¬ 
tains in the year 1842, and to Oregon and North California in the 
years 1843-44, with a map and illustrations, 8vo., London, 1846. 

Fritsch, K. V., Harting G., ttnd Beiss, W.—Tenerife, geologisch-topographiseh darges- 
tellt, Fol., Winterthur, 1867. 

Gaudin, Ch. Jh. et Delaharpe, Ph.—Flore Fossile des environs de Lausanne, 8vo., 
Lausanne, 1856. 

Gemmellaro, G. G.—Monografla del. genere Itieria (Matheron), 4to., Palermo, 1863. 

Geevais, Paul.—Nouvelles recherches sur les animaux vertcbres dont on trouve les ossements 
cnfonis dans le sol., Ser. I, Liv. 6, 7, 4to., Paris. 

Gmelin, S. G.—Beise dutch Bussland zur untersuchung der drei natur Seiche, Theil. 1,2, 3 

4to., St. Petersburg. 

Goebel, Dr. Fr.—Beise in die Steppen des siidlichcu Busslands, Theil. 1, 2, and Plates, 4to., 
Dorpat, 1837-38. 

Gould, Augustus A.—Expedition Shells, described for the work of the United States explor¬ 
ing expedition, commanded hy C. Wilkes, during 1838-42, 8vo., 
Boston, 1846. 

Griffith, William.—Journals of travels in Assam, Birma, Bootan, Affglianistan, and the 
neighbouring countries, 8vo., Calcutta, 1847. 

Gronovii, L. Th.—Museum Ichthyologicum, sistens piscium indigenorum et qnorumdam 
exoticorum, &c., Fol, 1754. 

Haafner, Jacob.—Lotgevallen op eene reize von Madras, over Tranquebaar naar het eiland 
Ceilon. I, 8vo., Amsterdam, 1826. 

Haafner, Jacob.—Beize tc voet door Het eiland Ceilon, II, 8vo., Amsterdam, 1826. 

Haafner, Jacob.—Beize ineenon palanquin of lotgenvallen en merkwaardige aanteekeningen 
op eene reize langs de kusten Orixa en Choromandel, III, IV, 8vo., 
Amsterdam, 1827. 

IIaidinger, Wilhelm.—Ueber das Vorkommen von Ptlanzenresten in den Braunkohlen 
und Sandstein-Gebilden des Elbogner Kreises in Bohmen nebst 
einigen damit zusammenhiingenden Bemerkungen, 4to., Prag, 1839. 

Haldeman, S. S.—A monograph of the fresh water univalve mollusca of the United States, 
Boy. 8vo., Philadelphia, 1842. 
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Hawkins, Thomas.—The book of the Great Sea-dragons, Ichthyosauri and Plesiosauri 
with thirty plates, Fol., London, 1810. 

Heller, Prof. Dr. C.—Beitrage zur naheren Kenntniss der Macrouren, 8vo. 

Helmersen, G. De.—Des gisements de Charbon de terre en Russie, Roy. 8vo., St. Peters. 
1866. 

Hochstetteb, De. F. Von.—New Zealand; its physical geography, geology, and natural 
history, with special reference to the results of Government expedi¬ 
tions in the provinces of Auckland and Nelson, Roy. 8vo., Stuttgart, 
1867. 

Hceninghaus, F. W.—Beitrag zur Monographie der Gattung Crania, 4to., Crefeld, 1828. 

Hunt, James.—Anniversary address delivered before the Anthropological Society of London, 
January 6th, 1864, 8vo., London, 1864. 

J<eger, G. F., m. d.—Ueber die fossile Reptilien, welche in Wiirtemherg aufgefunden worden 
sind., 4to., Stuttgart, 1828. 

Jardine, Sie William.—The Ichnology of Annandale, or illustrations of foot-marks im¬ 
pressed on the new red sandstone of Corncockle Muir., Roy. Fob, 
Edinburgh, 1853. 

Jay, John C.—A catalogue of the shells of, 4th Edition with a supplement, 4to., 
New York, 1850. 

Jeffreys, J. Gwyn.—The upper tertiary fossils at Uddevalla in Sweden, 8vo., London. 

Jeffreys, J. Gwyn.—Remarks on Stilifer, a genus of quasiparasitic mollusks, with parti¬ 
culars of the European species S. Turtoni, 8vo. 

Jeevis, Lieut. H.—Narrative of a journey to the falls of the Cavery, with an historical 
and descriptive account of the Neilgherry Hills, 8vo., Lond., 1834. 

Jonas, De. J. H.—Molluskologische Beitrage, Tail., VII-XI, 4to., Hamburgh, 1844. 

Jones, J. Mathew.—Contributions to the natural history of the Bermudas, 8vo., Halifax, 
1864. 

Kaufmann, F. Jos.—Der Pilatus, Geologisch untersucht und beschrieben, 4to., Bern., 1867, 
with Atlas Folio. 

Kaup, J. J.—Description d’ossements fossiles de mammiferes inconnus jusqu’a present, qui se 
trouvent au Museum grand-ducal de Darmstadt, avee figures litho- 
ghraphiees, Caliier, 1-4, 4to., Darmstadt, 1832-35. 

Kieneb, L. C.—Species general et iconographie des eoquilles vivantes, Vols. I—XII, Roy. 
8o., Paris. 

Kiecheb, Athanasius.—Mundus subterraneus in XII Libros digestus, Fob, Amster¬ 
dam, 1776. 

Knob, G. W.—De natuurlyke histoire der Versteeningen, 4 Vols., Folio, Amsterdam, 1773. 

Kraus, Prof., Dr.—Neue Kaps’che Mollusken, als zusatz zu meiner Schrift “ die sudafri- 
kanischen Mollusken,” 8vo. 

Kuesteb, H. C.—Systematisehes conchylien-Cabinet von Martini und Chemnitz, Bd. I, 
Hf. LXXVIII, Lief. 186, 4to., Niirnburg, 1868. 

Lea, Isaac.—A Synopsis of the family of Naiades, 2nd Edition, 4to., Philadelphia, 1838. 

Lea, Isaac.—Rectification of Mr. T. A. Conrad’s Synopsis of the “Family of Naiades of 
North America,” 8vo., Phil., 1854. 

Lea, Isaac.—Description of new species of shells extracted from Proc. Acad. Nat. Sei., 
Philadelphia, 8vo., Phil., 1857-62. 

Lecoq, HeIjry.—Les epoques geologiques de bAuvergne, Tom. I—V, Roy. 8vo., Paris, 1867. 
Leonhard, R. C.-Yulcanen-Atlas zur uaturgesehickte der Erde, 15 maps, 4to., Stuttgart, 

1841. 
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Link, M. J. G.—Historia naturalis easterns et moschi, small, 4to., Lipsiae, 

Listen, M.—Historia.' sive Synopsis methodiese conclayliorum et tabulanun anatomicarum ; 
eclitio altera. Folio, 1770. 

Lund, M. A.—Recherehes sur les envelloppes d’oeufs des Mollusques Gasteropodes 
pectinibranches, avec des observations physiologiques sur les embryons 
qui y’sont contenus, 8vo. 

Lyman, Theodoee.—Illustrated catalogue of the Museum of Comparative Zoology at 

Harvard College, No. 1, Hoy. 8vo., Cambridge, 1865. 

Maegolle et Zuschee.—Les meteores, 2nd Edition, 8vo., Paris, 1867. 

Maiitens, E. Y.—Die preussisehe Expedition nacli Ost-Asieu, Zoologiseher Theil., Bd. I, 1, 
and II, Roy. 8vo., Berlin, 1865-67. 

Masson, Chaeles.—Narrative of various journeys in Baloochistan, Afghanistan, and the 
Punjab, Yols. I, II, III, 8vo., Lond., 1842. 

Masson, Ciiaeles.—Narrative of a journey to Kelat, including an account of tho insur¬ 
rection at that place in 1840, and a Memoir on Eastern Baloochistan, 
8vo., London, 1843. 

Michelotti, G.—Saggio storico dei Rizopodi carratteristici dei terrani sopracretacei, 4to., 
Modena, 1841. 

Milne-Edwaeds, A.—Recherches anatomiques et Paleontologiques pour servir a lTiistoire 
des Oiseaux fossiles de la France, Liv., 8, 9, 15, 16, 17, 4to., Paris, 
1867. 

Mitchell, Majob T. L.—Three expeditions into tho interior of Eastern Australia, Vols. I, II, 
8vo., London, 1839. 

Moesch, Cas.—Geologischo Beschreibung des Aargauer Jura, und der Nordlichen Gebiete 
des Kantons Zurich, 4to., Bem., 1867. 

Mousson, Albt.—Coquilles terrestres et fluviatiles rccucillies par M. C. Prof. Bellardi dans 
un voyage en Orient., 8vo., Zurich, 1854. 

Mousson, Alb.—Coquilles terrestres et fluviatiles recucillies par M. C. Prof. J. R. Roth 
dans son demicr voyage du Palestin, 8vo., Zurich, 1861. 

Mousson, Alb.—Coquilles terrestres et fluviatiles de quelques iles de l’ocean pacifique re- 
cueillies par M. C. Dr. E. Graeffe, 8vo. 

Moeech, Otto A. L.—Review of the genus Tenagodus, Guettard, 8vo. 

Moeech, 0. A. L.—Catalogus conchylionun qu;c reliquit d. Alphonso d’aguirra, &c., acephala, 
annidata, cirripedia, echinodennata. Fas. 2, 8vo., Hafnite, 1853. 

Muellek, C. F.—Vermium terrestrium et fluviatilium seu animalium infusoriorum, helmin- 
thicorum et testaceorum non marinorum succincta historia, Vols. I, II, 
4to., Hafnice, et Lipshc, 1773-74. 

Muellee, Joh.—LTeber die fossilen Reste der Zeuglodonten von Nord America nut. Riick- 
sicht auf die europaischen Reste aus dieser Familie, Fob, Berlin, 1849. 

Muellee, Th.—Synopsis novorum generum, specierum et varietatum testaceorum 
viventium, anno 1834, promulg., 8vo., BeroHni, 1836. 

Munstee, Geoeg. Gbaff zu.—Debar die Planulifen und Guniatilcn iin Uebcr-gangs-kalk 
des Fichtelgehirges, 4to., Bayreuth, 1832. 

Newcomb, Wesley.—Description of a new species of Helix from Bougainsville Island, 8vo. 

Nilsson, Sven.—The primitive inhabitants of Scandinavia,3rd Edition, edited by Sir J. Lub¬ 
bock, Bart., 8vo., London, 1868. 

Oxford Essays contributed by Members of the University, 8vo., London, 1855. 

Paladilhe, M.—Nouvelles Miscellanies malacologiques, Fascl., II, Royal 8vo., Paris, 1867. 
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Parker, W. K.—A monograph on the structure and development of the shoulder-girdle and 
sternum in the vertebrata (Ray Society) Pol., London, 1868. 

Pander, C. H. und Alton Ed. d’.—Vergleichende Osteologie, Fob, Bonn., 1821. 

Pfeiffer, Dr. L.—Verzeichniss der durch Herrn Dr. Y. Tschudi in Peru gesammelten Con- 
chylien, 8vo. 

Philippi, Dr. A.—Bemerkungen iiher die Molluskenfauna Unter-Itallens in Beziehung auf 
die geographische Verbeitung der Mollusken und auf die Mollusken¬ 
fauna der Tertiarperiode, 8vO; 

Phillipi, Dr. A.—Zoologische Beohachtungen, 8vo. 

Phillipi, Dr. R. A.—Abbildungen und Beschreibungen neuer oder wenig gekammter Con¬ 
chy lien, Bd. I, II, III, 4to., Cassel., 1845. 

Phillips, J. Arthur.—The mining and metallurgy of gold and silver, Royal 8vo., London, 
1867. 

Pictet, F. J.—Matdriaux pour la paleoutologie Suisse on recueil des monographies sur les 
fossiles du Jura et des Alps, Ser. 4th, Liv. 9, 4to., Geneve, 1867. 

Playfair, John.—The works of—, 4 Vols., 8vo., Edinburgh, 1822. 

Ponson, A. T.—Handbuch der Steinkohlen-bergbaues oder Darstellung des in der bedeutend- 
sten Steinkohlen-Bergwerken Europa’s zur Aufsuehung, Gewi imung, 
und Forderung der Brenbaren Mineralien angewendeten Yerfahrens,’ 
mit Atlas, 4to., Wiemar, 1856. 

Poole, R. S.—The genesis of the Earth and of Man, 8vo., Edinburgh 1836. 

Prime, Temple.—List of the known species of Fisidmm with their synonymy, 8vo. 

Prime, Temple.—Monograph of the species of Sphcerium of North and South America, 8vo 
Phil., 1862. 

Rabut, Laurent.—Habitations lacustres de la Savoie, 2me. Memoire, 1 Album, 17 Plos,, 
Royal 8vo., Chambery, 1868. 

Reeve, Lovell.—A revision of the history, synonymy and geographical distribution of the 
Terebratulce, 8vo. 

Reynaud, J.—Histoire elementaire des mineraux usuels, 2nd Edition, 8vo., Paris, 1867. 

Roemer, Carl Ferd.—Das Rheinische Uebergangsgebirge, 4to., Hanover, 1844. 

Rose, Gustav.—Beschreibung und Eintheilung der Meteoriten auf Grund der Sammlung im 
mineralogischen Museum zu Berlin, 4to., Berlin, 1864. 

Rossmiessler, E. A.—Die versteinerungen des Braunkohlen sandstein aus der gegend von 
Altsattel in Bohmen., Hf. I, Royal 8vo., Dresden und Leipzig, 1840. 

Rossmiessler, Prof. E. A.—Iconographie der Land und Siisswasscr-Mollusken, mit vorzir- 
glicher Beriicksichtigung der europaisehen noch nicht abgebildeten 
Arten, Royal 8vo., Dresden und Leipzig, 1835-39. 

Say, Thomas—Description of the land and fresh water shells of the United States, with 
MS. translation in French, Svo., Phil., 1819. 

Say, Thomas.—American G'onchology, or descriptions of the shells of North America, Vol. I, 
Nos. 1-V, and a Glossary to Say’s Conchology, 8vo., New Harmonv’ 
Indiana, 1830-32. 

Schlutee, Fb.—Kurzgefasstes systematisches Verzeiclmiss meiner Concbylien sammlung 
nehst Andeutung aller his jetzt von mir bei Halle gefundenen Land 
und Fluss concbylien, 12mo., Halle, 1838. 

Schrenk, D’Leopold v.—Reisen und forschungen im Amur-lande in den Jahren, 1854-56, 
Molluslcen des Amur-landes und des Nord japanischen Mecres, 
Bd. II, Lief. 3, 4to., St. Peters, 1867. 
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Seely, John B.-Tlie Wonders of Ellora; or the narrative of a journey to the temples 
and dwellings excavated out of a mountain of granite, and extending 
upwards of a mile and a quarter at Ellora, in the East Indies, 8vo.t 
London, 1824. 

Sowerby’s Genera of Shells, Yols. I, II, 8vo. 

Soweeby, G. B.—The conchological Illustrations, 8vo., London, 1841. 

Steens trup, J. J. Sm.—Hhizochilus antipathium, Stp. en til Purpura, familien horende 
ny sleegt og art of Snegle, &c., &c., 4to., Kjobenhavn, 1853. 

Steiningee, Johann.—Geognostische studien am Mittelrheine, 4 Parts in 1 Yolume, 8vo., 
Mainz, 1819. 

Steiningee, J.—Geognostische Beschreihung des Landes zwischen der untem Saar und 
dem Rheine, 4to., Trier, 1840. 

Stevens, De. It. P.—Remarks on the Taconic System, 8vo. 

Teeneh, M.—Catalogue des mollusques terrestres et fluviatiles observes dans lea possesions 
Francaises, au Nord de 1’Afrique, 8vo., Paris and Lyons, 1839. 

Tessin, Dom. Cae. Gast.—Museum Tessianum, opera illustrissimi comitis, &c., &c., Fol., 
Holmise, 1753. 

Theobald, G.—Die Slid ostlichen gebirge von Graubiinden, 4to., Bern., 1866. 

Thomson, Thomas.—Western Himalaya and Tibet, 8vo., London, 1852. 

Troost, G.—Fifth Geological Report to the twenty-third general assembly of Tennessee, 
8vo., Nashville, 1840. 

Teoschel, De. F. H.—Das gebiss der Schnecken znr bergrundung einer naturlichen classi¬ 
fication, Bd. I, II, 1, 2, 4-to., Berlin, 1856-68. 

Valvasors, J. R.—Die Ehre des Herzogthums Crain, Theil. 1, 2, 3, 4, Fol., Laubach, 1689. 

Vigne, G. T.—A personal narrative of a visit to Ghuzni, Kabul, and Alfghanistan, and of a 
residence at the Court of Dost Mohamcd, &e., &c., 8vo., Loudon, 1840. 

Vigne, G. T.—Travels in Kashmir, Ladak, Iskardo, Yols. I, II, with map, 8vo., London, 1842. 

Vogt, Gael.—Lehrbueli der Geologie und Petrefactenkunde, Pt. IY, Bd. I, 3rd ed., 8vo., 
Braimschweig, 1868. 

Waldin, J. G.—Die Frankenberger Yersteinerungen, nebst iliren Ursprunge, 4to., Marburg., 
1778. 

Wilde, W. R.—A descriptive catalogue of the antiquities in the Museum of the Royal Irish 
Academy, articles of stone, earthen, vegetable, and animal materials; 
and of copper and bronze, Vol. I, 8vo., Dublin, 1863. 

Wilde, W. R.—Catalogue of the antiquities of gold in the Museum of Royal Irish 
Academy, 8vo., Dublin, 1862. 

Zejsznee, L.—Paheontologia polska, Pt. I, 8m, Warszwa, 1845. 

Zejszneb, L.—Nowe hib niedoklandnio opisaue gatunki skamianialosci tatrowych, Pt. I, 
4to., Warszawa, 1846. 

ZEtTsenNEE, Peof. De. L.—Palreontologiselic Beitrage znr Kenntniss des Weissen jura- 

kalkes von Inwald hei Wadowioe, 4to., Prag., 1857. 

ZlGNO, B. A. DE.—Flora fossilis formationis oolithie®, Pts. Ill, IV, Fol., Padua. 

Zuechee, et Maegolle.—Volcans ct tremblemcnts de terre, 8vo. Paris, 1866. 
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Titles of Books. Donors. 

American Journal of Concliology, Yols. I, II, III, Parts 1—3, 8vo., Philadelphia, 1865—67. 

American Journal of Science and Arts, Vol. XLIII, 127—129; XLIV, 130—132; XLV, 
133, 8vo., Now Haven, 1867-68. 

Annales do Chimie et de Physique, Ser. 1, Vols. I—XCY, Ser. 2, Vols. I—LXXY, Ser. 3, 
Yols. LXXVI—CXLIV, Ser. 4, 1—3. Indices, 5 Yols., Paris, 1816-64. 

Annales des Mines, 6me. Ser. XII, Livr. 4, 5, 8vo. Paris 1868. L’Administb. des Mines. 

Annals and Magazine of Natural History, 4th Ser., Vol. I, 2—5, 8vo., London, 1868. 

Engineer’s Journal, Calcutta, Vol. XI, 4, 5, 1868, 4to. 

Geological Magazine, Vol. V, Nos. 2—5, 8vo., London, 1868. 

Journal de Conchyliologie, 3me. Ser., Tom. VIII, No. 2, 8vo., Paris, 1868. 

Neues Jahrbuch fur Mineralogie, Geologie uud Pabeontologie lift. 1, 2, 1868. 

Novitates Conchologiese, Abth. I (Dr. L. Pfeiffer), Lief. 19, 20, 4to., Cassel, 1868. 

„ „ Abtb. II (Dr. W. Dunker), Lief. 13 „ „ „ 

Palseontograpliica, XV, 6, 4to., Cassel. 

Petermann, Geograpbiscbe Mittboilungen, 4to., Gotha, Hft. 1—4, 1868. 

Professional papers on Indian Engineering, Roorkee, Vol. V, No. 19. Major Medley, R. E. 

Quarterly Journal of Science, Vol. V, No. 18, London, 1868. 

Quarterly Journal of Microscopical Science, New Ser., No. 30, 8vo., London, 1868. 

Zoologist—The—conducted by Ed. Newman, Vols. I—XVI (bound in XI) 8vo., London, 
1843—58. 

Zoological Journal—The—conducted by Bell, Children, Sowerby, Vigors, &c., Vols. I—V, 
8vo., London, 1824-35. 

Government Selections, &c. (from the Governments). 

Bombay.—General Report on the administration of the Bombay Presidency for 1866-67. 

N. W. Provinces.—Appendices to Report on administration of—for 1866-67. 

„ Report on meteorological observations in the North-Western Provinces, 
by Murray Thomson, M. d. 

„ Report of Principal of the Thomason Civil Engineering College for 
official year 1867-68. Major J. G. Medley, R. E. 

Punjab.—Annual Report of the Lahore Lunatic Asylum for 1867. 

Nagpur.—Chief Commissioner’s Report of Ethnological Committee on papers laid before 
them, and upon examination of specimens of aboriginal tribes brought 
to the Jubbulpore Exhibition of 1866-67. 

Bengal.—Report on cattle diseases, by Dr. McLeod. 

India,—List of Civil Officers holding gazetted appointments to 1st of January 1868. 

Ain-i-akbari, Ease. 4, 5, Bibliotheca Indica, New Series, Nos. 120, 122. 

„ Annual Report on operations of the Post Office for 1866-67. 

„ Annual Report on administration of the Province of Oudh for 1866-67. 

„ Report of the revenue administration of the Province of Oudh for 1866-67. 

„ Ditto ditto ditto. Part II, Settlement. 

„ Report on administration of Penal Settlement of Port Blair, Andaman Islands, 
for 1866-67. 
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India.— Annals of Indian administration, 1866-67, Vol. XII, Part I. 

„ A collection of existing Rules for the sale in fee simple of waste-lands in India 
(compiled for Home Department). 

Tkansactions of Societies, &c. 

Amsterdam.—Verhandelingen der Koninklijke Akademie van Wetenschaffen, 4to., Deel 
I, II, IV-IX, 1854-61. 

Berlin.—Zeitschrift der deutschon Geologiscken Gesellsehaft, 8vo., Bd. XIX, Hft. 4. 
The Society. 

Bonn.—Verkandl ungen des naturkistoriseken Yereines der Preussischen Rheinlande and 
Westphalens, Jakrg. XXIII, Folge. Ill, Bd. 3, Hft. 1, with map, 
8vo., Bonn., 1866. 

Boston.—Proceedings of the Boston Society of Natural History, 8vo., Vol. X, pp. 289-418: 
Vol. XI, pp. 1-96. The Society. 

„ Condition and doings of the Boston Soc. of Natural History, 8vo., Boston. 
The Society. 

Breslau—Jahres-Berickt der Scklesiscken Gesellsehaft fiir Vaterlamdiscke Kultur, 4to., 1847 

(25): 1849 (27)—1855 (33). Dr. M. Hornes. 

Brussels.—Bulletin do TAoad. Roy. des Sciences, des lettres, et des Beaux-arts de Belgique, 
2 Ser. 36me ann. Tom XXIV, 8vo. The Academy. 

„ Annuaire de l’Acad. Roy de Belgique, XIV, 12mo. Ditto. 

„ Memoires couronnes, et autres memoires publies par l’Aead. Roy. de Belgique, 
8vo., Tom. XIX, XX. The Academy. 

„ Memoires couronnes, &e., 4to., Tom. XXXIII. Ditto. 

„ Memoires SUr les questions prnposees par T Acad, imperiale et royale des sciences 
et belles lettres de Bruxelles, 4to., Tom I—IV, 1775—1784. 

„ Memoires de l'Academie imperiale et royale, des sciences et belles lettres, de 
Bruxelles, 4to., Tom. I—IV, 1777-83. 

„ Nouveaux Memoires de TAcad. royale, des sciences, et belles lettres, de Bruxelles, 
4to., Tom. I—XIX, 1817-45. 

„ Mem. de l'Acad. roy. des sciences, des lettres, et des Beaux-arts de Belgique, 4to., 
Tom. XX—XXXV, 1847-64. 

„ Memoires sur les questions proposees par l’Academie Roy. des sciences, Ac., 
de Belgique, 4to., Tom. I—V, 1818-26. 

„ Memoires couronnes par l’Acad. royale, des sciences, et belles lettres de Bruxelles, 
4to., Tom. VI—XIV, 1827-42. 

„ Memoires couronnes, et Mem. des savants etrangers publies par TAcad. roy. des 
sciences, et belles lettres, de Bruxelles, 4to., Tom. XV—XVIII, 
1843-45. 

„ Memoires publies par TAcad. roy. des sciences, des lettres, et des Beaux-arts 
de Belgique, 4to„ Tom. XIX—XXXII, 1847-65. 

Calcutta.—Journal of the Asiatic Society, Bengal, Pt. I, No. 1, 1867—Pt. II, No. 1, 1868, 
8vo., Calcutta. The Society. 

Index and Contents of Vol. XXXVI, Pt. II, 1867. Ditto. 

Proceedings of the Asiatic Society, Bengal, 8vo., Nos. 3—6, 1868. Ditto. 

Total eclipses, and the total eclipse of 18th August 1868, by Major J. P. 
Tennant, R, E., 8yo., Calcutta, 1868. Ditto. 
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Calcutta,—Annual Report of the Geological Survey of India and of the Museum of 

Geology for 1867, 8vo., Calcutta. The Survey, 

„ Records of the Geological Survey of India, Vol. I, Pt. 1, 8vo., Calcutta. Ditto. 

Dijon.—Memoires de l'Aead. imperiale des sciences, arts, et belles lettres de Dijon, Tom. 
XII, XIII, 2me. Ser. 1865-66, 8vo. The Survey. 

Dresden.—Sitzungsberichte der naturwiss. Gescllschaft, Isis, Dresden, Nos. 2-12, 
February—December 1865, Nos. 1—6; January—June 1866, 
Nos. 7—12,1867-68, 8vo. The Society. 

„ Sehnee Krystallen beobachtet in Dresden, 1845-46. Ditto. 

„ (Jena) Verhandlungen der Kais. Leopoldino-Carolinischen deutschen Academie 
der Naturforschen, 4to., Yol. XXXIII. The Academy. 

Dublin.—Journal of the Royal Dublin Society, No. XXXI, 1864. The Society. 

Frankfort on Main.—Museum Senckenbergianum, Bd. I, IY, Pt. I, 4to., 1834-39. 

. Geneva.—Memoires de l’lnstitut National, Genevois, 4to., Tom. I—YIII, 1854-62. 

Gcettingen.—Abhandlungen der Koniglichen Gesellschaft der Wissenschaften, Gottingen, 
4to., Bd. XIII, 1866-67. The Society, 

„ Nachrichten von der K. Gesellschaft d. Wissen. und der Georg-August’s 
Universitat, a. d. Jahre. 1867, 8vo., Gottingen. The Society. 

Halle.—Abhandlungen der Naturforschenden Gesellschaft zu Halle, 4to., Halle, Bd. I—IX, 
1853-66. 

Lisbon.—Historia e Memorias da Academia R. das Sciencias de Lisboa, 2nd Ser., Tom. I 
Pt. I, II: Tom. II, Pt. I, II: Tom. Ill, Pt. I, II. Folio, Lisbon, 
1843-56. 

London.—Philosophical Transactions of the Royal Society of London, 4to., Vol. CLVI, 
Pt, II, CLVII, Pt. I, 1866-67. The Society. 

„ Proceedings of the Royal Society of London, 8vo., Vol. XVI, Nos. 97—100. 
The Society. 

„ List of Fellows of the Royal Society, 30th November 1866. Ditto. 

„ Quarterly Journal of the Geological Society of London, Vol. XXIV, No. 94, 8vo. 
The Society. 

„ Proceedings of Geologists’ Association, 8vo., Nos. 1—10. Prof. Tennant. 

„ Proceedings of Royal Geographical Society, 8vo., Vol. XII, No. 1. 
The Society. 

„ Proceedings of the Royal Institution of Great Britain, Vol. Ill, Nos. 31, 32: 
Vol. V, Pts. I, II, Nos. 45, 46. The Institution. 

„ Additions to the Library of Royal Institution, July 1859 to July 1860. 
The Institution. 

„ Journal of the Society of Arts, &c., Vol. XVI, Nos. 793—801, 803—807, 8vo.- 
The Society. 

.. Ditto ditto Vols. IXV, 8vo., 1852—67. Ditto. 

Milan.—Atti della Societa Italiana di Scienze Naturali, Milano, Vol. IX, Fasc. 3 : X, 
Fasc. 1, 2, 8vo., 1867. 

Moscow.—Bulletin de la Societe Imperiale der Naturalistes de Moscow, 8vo., Tom. XL, 
No. 2. The Society. 

Munich—Annalen der Koniglichen Sternwarte hei Miinchen, 8vo., Munich, Bd. XV, XVI. 
• The Bavarian Academy. 

„ Sitzungsber. der Konigl. Bayer. Akademie der Wiss. zu Miinchen, Bd. I, Hf. 4. 
The Bavarian Academy. 
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Newcastle on Tyne.-—Transactions of the Tyneside Naturalists’ Field Club, 8vo., 
Yols. I—VI, 1850-64. 

Newhaven, Conn.—Transactions of Connecticut Academy of Arts and Sciences, Yol I, 
Pt. I, 8vo., 1866. The Academy. 

Paeis.—Bulletin de la Soc. Geologique de France, 2me. Ser. Tome XXV, I, XXIII. 

,, Memoires de l’Academie des Sciences de l’Institute de France, 4to., Tom. I—XXXIV, 
1815-1864. 

„ Comptes rendus hebdomadaires des seances de l’Academie des Sciences, 4to. Tom. 
I—LVII, 1855-63. 

Petebsburgh.—Commentarii Academi® Scientiavum Imperial is Petropolitan®, Tom. I—XIV, 
4to., 1728-1751. 

Novi Commentarii Academi® Scientiarum Imp. Petroi poli tan®, 
Tom. I—XX (XIV in 2 parts), 4to., 1749-1776. 

„ Acta Academi® Scientiarum Imp. Petropolitan®, Tom. I—XII, 4to., 1778- 
1786. 

„ Nova Acta Acad. Scient. Imp. Petropolitan®, Tom. I—XX, 4to., 1787— 
1806. 

Memoires de l’Acad. Impdriale, des Sciences de St. Petersburg, 5me Ser., 
Tom. I—XI, 4to., 1809-1830. 

„ Bulletin de l’Academie Imperiale, des Sciences de St. Petersburg, 4to., 
Tom. XII, 4. 

Philadelbhia.—Journal of the Franklin Institute, Vol. LIV, No. 6 : Vol. LV, Nos. 1-3, 
8vo., Philad. The Institute. 

Proceedings of the American Philosophical Society, 8vo., Vol. X, No. 76. 
” The Society. 

Salem —Proceedings of the Essex Institute, Salem, Vol. IV, 1—4, Jan. to Dec. 1864: 
B 5_8, Jan. to Dec. 1865: Vol. V, 1, 2, 1866, 8vo., Salem. 

The Institute. 

The Naturalist’s Directory, Pt. I, North America and West Indies. Ditto. 

Stockholm._Kongl. Svenska Vetenskaps Akademiens Handlingar, 8vo., Tom. I—XL, 1739 

—1779. 

1812. 

Nya Handlingar, 8vo., Tom. I—XXXIV, 1780- 

Kongl. Vetenskaps Akademiens, Handlingar, 8vo., Tom. 1813-1836. 

Stuttgart._Wiirttembergische naturwissenchaftliche Jahreshefte, Jakrg., XXIV, Hf. 1, 2, 
8vo., Stuttgart, 1868. 

nVrti N_Memorie della. Academia delle Scienze di Torino, 2nd Ser., Tom. XXI, XXII, XXIII, 
4to> The Academy. 

Atti della Real. Academia d’Scienze di Torino, Tom. I, disp. 1-7; II, disp. 1-7; 
” III, d. 1,8vo., 1866-67. The Academy. 

ITpsal_Nova Acta regiffi Societatis Scientiarum Upsaliensis, Ser. Ill, Vols. I V (7 parts), 
4to., Hpsali®, 1855-65. 

Vienna—Jahrbuchder K.K. GeologischenReichs-Anstalt, Royal 8vo.,Bd.IV,Hft. 1, 2,1853. 
Ditto ditto Bd. XVII, 1—3, Jan. to Sept. 1867. The Institute. 

Vcrhandlungen der K. K. Geologischen Reichs-anstalt, Royal Svo., 1867, 1-12. 
” & The Institute. 

WASHINGTON.-Annual Report of Board of Regents of the Smithsonian 
the operations, &c., &c., tor 186o, 8vo. Ihe Institution. 
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Washington.—Bibliography of North American Conchology previous to the year 1860, 
Pt. II (Smiths. Misc. Collection 174), 8vo. The Institution. 

„ Land and freshwater shells of N. America, by W. G. Binney, 8vo. (Smiths. 
Misc. Coll., 143 and 144), 1865. The Institution. 

Catalogue of N. American birds, chiefly in the Museum of the Smithsonian 
Institution, Washington, by S. I'. Baird, 8vo. The Institution. 

Check List of the invertebrate fossils of N. America (cretaceous and Jurassic ; 
Miocene), (Smiths. Misc. Coll., 177 and 183), by F. B. Meek. 

The Institution. 

Geological researches in China, Mongolia, and Japan, during 1862-65, by 
E, Pumpelly, 4to., 1866. The Institution. 

Palaeontology of Upper Missouri, Pt. I, by F. B. Meek and F. V. Hayden, 
4to., 1865 (Smiths. Contr. Knowl., 172). The Institution. 

On the fresh water glacial drift of the North-Western States, by C. Whit¬ 
tlesey, 4to., 1866 (Smiths. Contr. Knowl., 197). The Institution. 

Memoir on the Mosasaurus and three allied new genera (Holcodus, Cono- 
sctimts, Amphorosteus), by E. W. Gibbes, 4to., 1849. 

The Institution. 

Cretaceous Eeptiles of the United States, by J. Leidy, 4to., 1865 (Smiths. 
Contr. Knowledge, 192). The Institution! 

Catalogue of N. American Mammals, chiefly in the Museum of Smithsonian 
Institution, by S. F. Baird, 4to., 1857. The Institution. 

ZURICH.—Yierteljahrschrift der Naturforschenden Gesellschaft in Zurich 8vo Jahrp- IT 
Hf. 1-4: X, Hf. 1-4: XI, Ilf. 1-4. The Society! 

An die Ziircherische Jugend, a. d., Jahre, 1865-1867, LXVII, LXVIII T.YIY 

12mo. The SocIety! 

Maps, Geological, &c. 

Beaumont, E. de, et Dufeenoy.—Tableau d’assemhlage des six feuilles de la Carte 
geologique do la France, Paris, 1866. 

Berghaus, H., u. Stulpnagel, F. Y. Chart of the World, Gotha, 1867. 

Ecemer, F.—Geognostisehe Karte von Ober Sehlesien, Fol., sheets 2, 5, 6. 

Baily.—Map of Central America, London, 1853. 

Geological Survey of Great Britain.—Geological maps of various districts, 101 sheets. 

Flsotz Karte dos Nieder Bheinisch Westfalischen Stein-Kohlenbeckens, 7 sheets. 

Admiralty Charts of West Coast of India, Fol. 1826-56, 3 sheets. 

Dechen, H. V.—Geologischen Uebersichts-karte der Ehein-provinz und der Provinz West- 
phalen, 1867. 
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Genebal bbsults obtained fbom an examination oe the Gastbopodous fauna oe 

the South Indian cretaceous deposits, by Febd. Stoliczea, Pli. D., F. G. S., 
Palceontologist, Geol. Survey, India. 

The second volume of the “ Palceontologia Indicarecently completed and published, 
contains the descriptions of 237* species of Gastropoda from the cretaceous deposits of South 
India. The fauna is very rich and varied, though probably not quite so extensive as might 
have been expected relatively to the large number (146) of Cephalopoda which were described 
from the same beds. Still as many species, only represented by specimens in the state of casts, 
have been laid aside, further examinations of the ground will no doubt ftunish large additions. 

Taking a general review of the fauna of the Gastropoda, it will he interesting to point out 
some of the more important families and genera which were found to be represented. 

The first family which in this respect is deserving of special attention is that of the 
HELICIDX, represented by four species, three of which belong to the genus Angystoma and 
one to MucrocycUs. Nearly all are found in the uppermost beds, stated by Mr. II. F. 
Blanford to have been deposits in shallow water. The extremely rare occurrence of land 
shells in cretaceous rocks increases the interest connected with those four species, especially 
as they mostly belong to types which are still found living in the same or neighbouring 
districts. 

Tlie sub-order Peosobbaxchia counts 174 species, of which the larger number 
belongs to the Siphonostomata Ctenobbanchiata. Among the alata the genus 
Pugnellas, which up to the present has only been found in cretaceous rocks of North 
America, has yielded three very interesting species; it is in the recent fauna represented 
by species like Strombus gallinula. The CYPR.pidjs are remarkably numerous, being repre¬ 
sented here by almost as many species as were previously known from cretaceous deposits in 
general, in which, as a rule, they are very rare. Among the types described are some which 
belong to Cyprma proper, several to Luponia and others to Aricia, JSpona, &c. From 
the large number of CYPraeidje, as also from that of the VOLUTlD/E, the peculiar forms of the 
MURICIDJE and of the purpuridje, I draw the conclusion that the genera and species 
belonging to these families were already during the cretaceous time somewhat more numerous 
in the eastern than in the western hemisphere, or, in other words, that the present 
distribution of a portion of the Gastropoda, at least, was already indicated at that remote 
period. 

The oljvidm are represented by a. species of Dipsaeus, the CASSIDIDje by a very interest¬ 
ing small species of Oniscia, the PzhimoTOMWM by Cythara and Pleurotoma, the coni DAE by 
that peculiar form Gosavia, intermediate between this and the next family. Of the 
VOLUTID2E, 18 species are described belonging to the genera Scapha, Melo, Ficulopsis 
(n. gen.), Fulguraria, Athleta, Volutttith.es, Lyria, Volutomitra, Mitreola and Tumcv.la. 

* Including some new specific forms, which on account of the imperfeotness of the specimens have not yet 
received specific names, though acknowledged as distinct from other known species. 
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Of the M URIC IBM 1 would particularly mention Pottia Pondicherriensis, because it so 
much recalls the form of our common, recent Pollia melanostoma, and a species belonging 
to the genus Troption. 

The TRITomiDX have representatives in species belonging to Hindsia, Triionium and 
Lagena ; the buccieidje in those of Nassa and Pscudoliva; the pukpuridx in Indicia, 
numerous species of Pupa and one of Rapana. Not less interesting are also two species of 
Triehot-ropis and five species of the CANCMLLARIIDM, representing the genera Oancellaria, 
Euclia and Narona. No terebridje have occurred, and the pt&AMIDELI.id/E offer no 
peculiarities, nor are they very rich in species or genera. 

The ceritiiiid/e mostly belong to marine sub-generic types, the absence of the very 
large number of POTAmmitJE, occurring in the deposits of the Alpine-Gosau formation, being 
remarkably conspicuous as one of the most important differences between the two faunas. 
The same applies to the MEIANIIO.K. their absence in Southern India being equally due to 
the apparent want of brackish or fresh water deposits, so far as they are known at the present. 
The TURlUTliLllOX have yielded five forms identical with European ones, T. midtistriata 
being probably the best known, T. nerinea, nodosa, affinis and Neptv.ni. The rest of the 
species peculiar to the Indian deposits do not differ in general character from European types. 
Of the SCAltVJE three out of four are identical with European species. Of the VERMEtidje 

two interesting species have been referred to a new genus Tnbulostium, being very charac¬ 
teristic for the Ootatoor beds, which are the lowest of the series. Of the littorinidjE, the 
occurrence of which in cretaceous rocks was always disputed, six different species have been 
met with. Of the RISSOIDX I may draw attention to two rather large species of Rissoa, 
one smooth Rissoina and three species of that peculiar genus Keilogtoma, differing from 
Rissoina by the great thickness of the apertural margins. The katicidje are characterized 
by the usual large number of species belonging to the genus Euspira \ three genera, 
Naticina, Velutina and Amplostoma of the VELUtinidje also deserve specially to be noticed. 

When speaking of the family neritidje, the UMBOnhoje, tubbinidje and trochida 
&e., I had occasion to remark that most of the recent so called sub-generic forms are already 
to be found during the cretaceous period. Some of the generic types ore very interesting 
and new to the fauna, as, for instance, Ftdates; Teinostoma and F'itrinel/a ; Oxytele. 
Gibbula, Eurheltts, Cantlwridus, Sfc. 

Tlie ElEUROTOMARUDJE arc not very varied in genera, but one species of the peculiar type 
Leplomaria (L. indica), is very common, occurring almost through all the successive groups 
from the lowest to the highest; it greatly resembles several of the European forms. 

The Opisthobbakcitta arc also worthy of notice, being represented by 24 species; 
these belong to Actaonina (2), Actceon (0), Trochactmon (3), Bullina, (2), Bnllinula 
(1), Arellano, (4), Rintjinclla, (l), Bingictda (2), Eupiycha (3) and Cytiehna (1). This un¬ 
usually large number of species of that sub-order is the more interesting, as the recent species are 
far from common shells. The genera Trochactceon, Avdlana, Rsngmella and Euptycha 
arc chiefly cretaceous forms, and therefore in comparison with the present fauna of very 
great importance. Aottzonina is one of the oldest genera, but I believe there are a good 
number of species of recent shells which ought to be transferred to that genus. Of the 
EENTALllD.v., being the only representatives of the Pkosococephaia, merely four species of 
the genera, DentaHum, Antale and Fustiaria (n. gen.) were recorded. 

After this general review of the fauna I may now rater upon the distribution of the 
species in the different groups which, beginning with the lowest, are the Ootatoor, Trichi- 
nopoly and Arrialoor in the Trichinopoly district, and the Yaludayur and Yerdaehelhim 
groups near Pondicherry. These last two are equivalent to the first and third named one, 
respectively. Geological details respecting these groups and their fauna will he found in 
Mr. H. E. Blanibrd's Report in the IVth Volume of the Memoirs of the Geological Survey 
of India. The present remarks regarding the distribution of tlio species of Gastropoda will 
therefore be very general. 

The 237 species of Gastropoda, described from the cretaceous deposits of South India, 
divide themselves into the different groups, thus: 113 species are peculiar to the Arrialoor 
group, 59 to the Trichinopoly and 3(5 to the Ootatoor; 20 species are common to the 
Trichinopoly and Arrialoor groups, 4 to the Ootatoor and Trichinopoly, none, however, with 
sufficient certainty to the Ootatoor and Arrialoor solely. Only five species, Fulgurttria elongata, 



PT. 8. ] StoliczJea, Cretaceous Gastropoda. 57 

Ampullina bulbiformis, Gtyrodes pansus, Solariclla radiatula and Leptomaria indica are 
common to all the three divisions of the deposits. The Gastropodous fauna of the different groups 
is therefore tolerably well defined, the distinction between the Ootatoor and the Arrialoor 
groups being especially prominent. The large number of species common to the two higher 
groups is principally due to the uncertainty of the geological boundary between them. When 
this point has been more satisfactorily settled, it may show that an equal distinction exists 
in the Gastropodous fauna between them, as does between the two lower groups. All the species 
occurring in the Arrialoor group belong to such genera as are now commonly found 
living in shallow water, while many of those of the Ootatoor group are littoral forms, 
living on rocky coasts or on coral reefs.—The fauna, as a rule, is purely marine, and there 
is a remarkable absence of the potamidwjk, of the melanudje and others which are very 
characteristic for some of the beds of the Alpine cretaceous deposits. The comparison of 
our rocks with those of the Alps only applies, therefore, to the purely marine fauna. The 
Arrialoor beds were probably deposited over a large, very slightly undulating ground in 
from 2-10 fathoms of water, hut at some distance from the coast. 

In point of comparison of our fauna with that of other countries I must direct attention 
to the following table, giving a list of those species which are also found elsewhere 

No. Name of Genus and Species. 

Geological position. 

Remakes. 

In India. Not in India. 

1 Alaria Parkinsoni, Mant. Oot. and Trich. . Gault and Green 
sand, (Cenomanien' 

2 „ papilionacea, Goldf. 
Cyprzea Rayei, Forbes, (Globiconcln 

ovula, d’Orb.) 

Trieh. and Arr. . Turouien (Middle Plainer). 
3 Trich. and Arr. . Senouien. 

4 Pleurotoma subfusiformis, d’Orb. Tricli. (Arr. ?) Turouien. 
6 Fulguraria eiongata, d’Orb. ... Oot.? Trich. and Arr Cenomanien and 

Turonien. 
6 Fasciolaria rigida. Baity Trich. Middle cret. of St.lt 

Africa (Probably Cenomanien). 
7 Ncptunea rhomboidalis, Zekeli Arr. Turonien (Gosau-deposits). 
8 Tritonidca Requiem an a, d’Orb. Trich. Turouien. 
9 Tricbotropis Kouinckl, Mull. ... Trich. Senonien near 

Aachen. 
10 Nerinea ineavata, Broun Oot. Turonien Gosau and Transylvania. 
11 Cerithium inauguratum, Stol.... Trich. and Arr. ... “ Craie pisolitique' 

near Paris. 
} I have observed these 
>two species in Prof. 

12 „ Arcoten.se, Stol. Arr. Ditto. ) Hebert’s collection. 
13 „ trimonile, Mich. ... Ait. Gault and Grb; 

verts, (Cenomanien) 
14 Turitella affinis, Miill, Trich. Senonien near 

Aachen. 
15 „ Ncptuni, Mllnst; Trich. Turonien (Middle Plainer). 
16 „ nerinea, Rom. Oot. Senonien (Upper Plzener). 
17 ,, nodosa, Rum. Oot. Cenomanien (Lower Plainer). 
18 „ mnltistriata, Rss. Trich. and Arr. ... Turonien (Middle Plsener). 
19 Scala (?) Clementina, Mich. ... Oot. Gault. 
20 „ subturbinata, d'Orb. (Haidingen, 

Binkh.), 
Arr. Senonien of Maest- 

richt. [Aachen 
21 „ striatucostata, MUll. Arr. Senonien near 
22 Burtincllu con cava , Sow. Arr. Chalk (Turonien). 
23 Rissoina acuminata, MOil. Arr. Senonien near 

Aachen. 
24 Euchrysalis gigantea, Stol. Trich. and Arr. ... Cretaceous beds in 

Sth. Africa, 
Probably Cenomanien. 

25 Ampullina bulbiformis, Sow. ... Oot., Trich. and Arr. Turonien beds oi 
the Alpine creta 
ceous deposits. 

Probably also occurring 
in Texas. 

26 Euspira rotundata, Sow. ... Arr. Chalk (Turonien). 
27 ,, lirata, Sow. ... 

Ziziphinus Geinitzianus, Rss. ... 
Arr. Turonien. 

28 Trich. and Arr. ... Turon. beds of Ger¬ 
many. 

29 Solariella radiatula, Forbes, (Trochus 
glaber, Miill.). 

Oot., Trich. and Arr. Senonien near 
Aachen. 

30 Avellana eiongata, Guer. Oot. Cenomanien. 
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Of these 30 identical species, forming very nearly one-eighth of the entire fauna, 10 species 
occur in the Senonien, 12 in the Turonien, 4 in the Cenomanien (including 2 species from the 
South African deposits); 1 species is common to the first and second, 1 to the second and third, 
and 3 are quoted from the Gault, 2 of which, however, are also found in the Cenomanien. 
Applying these results in detail to the groups distinguished by Mr. Blanford among the 
South Indian cretaceous deposits, it will be found that they do not correspond exactly. 
Thus, species which in Europe occur in the Cenomanien are in India occasionally found 
in the Arrialoor beds, not as would be expected in the Ootatoor beds only ; and again there 
are Senonien and Turonien species found in the Ootatoor as well as in the Tricliinopoly 
beds. As a rule most of the speeies from our Arrialoor beds arc identical with those from 
the Senonien; but there appears to be au equal difficulty experienced in India in separating 
the Arrialoor and the Triehinopoly group, as is felt in Europe in distinguishing properly 
between the Senonien and the Turonien. The general conclusion, therefore, derivable from 
the examination of the Gastropoda regarding the age of the South Indian cretaceous 
deposits is that they represent only the beds above the Gault, that is, the Cenomanien, 
Turonien ancl Senonien. 

It is possible that the Ootatoor beds represent the Cenomanien, hut the number 
of fossils obtained from these beds is, in one respect, comparatively as yet very small; 
in other respects the boundaries between this and the other groups may not have been suffi¬ 
ciently worked out. It appears more justifiable to regard the Tricliinopoly beds as the 
representatives of the Turonien, and (as already stated) the Arrialoor as those of the 
Senonien. Stratigrapbieally this tri-division has also great probability. 

When reviewing the Cephalopoda of the same rocks (Quart. Jour., Geol. Soc., Lond., 
1865, p. 407, etc.), I have stated that the largest number of the identical species of 
Cephalopoda occurs in Europe in the middle cretaceous strata and especially in the 
Gault; thus I placed the lowest beds of our South Indian cretaceous rocks as equivalents 
of the Gault. After having gone over the Gastropoda I found that no Gault species 
were represented, and conferring with some of my friends at home on this point, Prof. Hebert 
specially directed my attention to several species of the Cephalopoda which are strictly 
speaking not typical Gault fossils. I had already occasion to mention* that the identification of 
Am. Beudanti (now Am. Yama, Forb.) was found incorrect; hut several other species which 
undoubtedly appear to be identical with European fossils, like Nautilus elegam, N. sullerri- 
gatus, Am. restrains. Am. Rotomagensis, Am. Candollianvs, Ain. iiavieuldris, Am. 
Mantelli, Am. peramplus, Am. Timothcanus and laiidormlus, TnrriUf.es costatus and 
Bergen and others, are such species as pass from the Gault into the Cenomanien and the Gres 
verts, Prof. Hebertf is of opinion that the true Gault beds must be considered as the upper¬ 
most group of the Ncocomien or lower cretaceous series, all the beds above being included in 
the upper cretaceous series. There appears to he a relation of several of our species to 
such Gault species as Am. Beudanti, serratus, lautus, denarius, splendens and to some 
Neooomien forms, but, on the other hand, the numerous Cristati and Ligaii of our rocks 
are strongly marked upper cretaceous types. The fauna of the Gault is undoubtedly an 
intermediate one, and possibly when the stratigraphy of the rocks has been better studied 
many corrections in points of identifications, at pi-esent doubtful, may be made. Some of 
the species like Nautilus pseudo-elegans and Neocomiensis, and Am. Rouyanus and 
Velledte I am still unable to distinguish satisfactorily from the typical Neooomien species; 
the number of these species is, however, so small that they cannot outweigh the other facts 
which would place the cretaceous deposits of South India higher in the series. 

Considering, therefore, that most of the so-called Gault speeies of our Cephalopoda are 
equally comnmu in the Cenomanien, and that the Gastropoda have not yielded any undoubted 
Gault forms, I believe I am more justified in stating that the South Indian cretaceous 
deposits only represent the upper cretaceous strata, beginning with the Cenomanien. The 
larger number of representative species were found to agree with the Turonien, which 
is a very wide spread formation, though its limits must he considered rather different from 
those given to it by d’Orbigny. I have reason to suppose that the present statement regard¬ 
ing the age of our cretaceous deposits will also be supported by the examination of the 

* Records Geol. Snrv., India, 1. pt. 2,1868, p. 35. 

t Bull. Soc. Geol., France, 2d ser., t. XXIV, p. 323, etc. 
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Pelecypoda, especially the various Inoceramus- and Hippurite-types. Thus the original 
notion of representatives of Neocomien beds in South India more and more loses support, 
as already pointed out by me in the first volume of the “ Palseontologia Indica.” 

In conclusion I should like to draw attention to a parallel of our cretaceous deposits 
with those of Bohemia, Saxony, North Germany, etc.; this parallel being indeed a very 
remarkable one. Dr. Giimbel, who has lately (Sitzb. Gesellsch. Isis, Dresden, 1867, p. 72, etc.), 
devoted a little time to the study of the Bohemian and Saxon cretaceous deposits, states that 
they generally begin with a kind of fresh-water deposit containing numerous plant remains, 
and beiu» sometimes represented by a coarse conglomerate, both filling up cavities in the 
older rocks, which in many instances are metamorphic or crystalline. Immediately above 
these plant beds follows the scries of (^uadcr- and Plmner-heds, the oldest of which are 
characterized by Am. Mantclli, Inoceramus stnatus, Ostreet biaurieulata,, Exogym eulumha, 
etc., as Ccnomanien or the Upper Greensand of English Geologists; the highest'beds are the 
equivalents of the upper chalk with Inoceramus Cuvieri aud Crispi, Mhynchonclla odoplicaia, 
etc., or Senonien. Dr. Giimbel consequently acknowledges an upper* middle and lower Pkner, 
which may approximately be called Senonien, Turonien and Ccnomanien. Dr. Schlonbaeh, 
in a very valuable paper, printed in the Oificial Report of German Naturalists, etc. (Hanover, 
1865, p. 160, etc.), expressed similar opinions on the French equivalents of cretaceous beds 
in Hanover. Zittel, in his admirable work on the Bivalves of the Gosau-deposits (Denksch. 
Akad., Wien, XXV, 1866, part. II, p. 174, etc.,) enters upon the question of parallelism 
of those deposits with others in great detail and corroborates the opinion of most of his 
predecessors that they principally represent the Turonien and the Senonien. Were I to give 
at this early stage of examination of the fauna an opinion regarding the parallelism of our 
South Indian cretaceous rocks, I could, as I stated, only compare them with those of 
North Germany (Aachen, Saxony, Hanover) and Bohemia, but it is impossible to say which 
of our beds exactly correspond to the Ccnomanien, Turonien, and so on; probably the 
parallel must remain only a general one. To the Gosau-deposits our Trichinopoly and 
ArrialoOr beds appear to form a correlate. What characterizes the Cenomanien of our beds 
are the Cephalopoda; these are, however, very scarce in the Gosau-deposits. Those lately 
described by P. v. Hauer have fully the character of Cenomanien species. 

There is one point which deserves special attention during any subsequent examination 
of the ground of the South Indian cretaceous deposits, and this is respecting the plant beds, 
which underlio all the undoubted cretaceous rocks. Some time ago the Geologists, engaged 
in the survey of the Madras Presidency, have sent numerous plants and a large number of 
bivalves, etc., from these strata in the neighbourhood of Sripermatoor. A few small Ammo¬ 
nites belong to the Dentati group, hut they are insufficiently preserved i’or identification. 
Of bivalves there is a large number of species belonging to Leda, Yoldia, Tellina, Psctm- 
mobia, lima, Pecten and others ; all forms with a remarkably thin shell and the allies of 
which are at present usually found living on sandy ground in from 8-10 fathoms of water. 
Several exhibit a resemblance to species from the cretaceous rocks of Trichinopoly, hut none 
appear to be specifically identical. At another locality, fragments of an Inoceramus, which be¬ 
long to a flattened ribbed species like I. mytiloidcs, have been found with the same plants. 
Of the plants there have been several species (Palceozamia Cutcheims and acntijbliu-m, 
and a Dyctyopteris ?) recognized as identical with those from the Rajmabal beds and again 
with those found associated with the Jurassic Catch fossils. Thus this would distinctly prove 
that the South Indian plant beds below the cretaceous rocks are jurassie. I cannot "express 
the slightest opinion on this matter, but in pointing out the parallelism existing between the 
Indian and North German cretaceous beds, the similar structure of those whitish clay plant 
beds underlying, in both countries, the above formation appeared to me deserving of marked 
notice. Special attention must at any subsequent examination be devoted to tracing out the 
relations of those plant-bearing beds to the cretaceous beds of the Trichinopoly district. 

September, 1808. 
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Notes on route from Poona to Nagpttb, via Ahmednijggttb, Jalna, Loonae, 

Yeotmahal, Mangaei and Hingtjnghat, by W. T. Blaneokd, P. G. S., &c. 

Almost throughout tie entire route tie rock is trap. 

Poona to Almcdnuggur.—Leaving Poona the traps between tie Moota Moola and 
Bheema rivers present but few peculiarities. They are tie usual stratified amygdaloids, 
more or less compact, with some bands of ashy, or of basaltic varieties. Dykes are scarce, 
and very small, if they occur at all. 

The beds are nearly, if not. quite, horizontal. There is an apparent very low dip to the 
south-west not amounting to 1°. 

_ The hills east of Wagoolee appear to be formed of beds absolutely horizontal. Upon 
their top, which is quite flat, is a plain of cotton soil, cultivated in places, which must have 
resulted from decomposition of the trap. 

Crossing to the north bank of the Bheema, the traps have the same low dip. The 
country is an undulating plain, and the flat hills which dot it near the Bheema disappear 
entirely further on. Cotton soil occurs everywhere; it is more sandy near the river where 
there is alluvium in places. 

Beyond Koondapoor the plain is traversed by streams which have cut valleys, with 
steep sides and more or less flat bottoms. The whole country has very much the appearance 
of a plain formed by marine denudation, through which plain the streams have cut. But 
the general uniformity of the surface is doubtless due to one hard bed of trap. Where this 
has been cut through by a stream, the rocks beneath are easily removed till another hard bed 
is met with, and this generally forms the base of the valley. 

Over a large area the principal bed is seen to have a very low easterly dip, not nearly 
amounting to 1,° at the most £ to ^ a degree. It is a very flaggy bed. 

About a mile east of Banguugaon the beds appear to roll over and to dip at a very 
low anglo to the south. This is at the watershed between the Bheema and the floor rivers. 
A more rubhly bed of trap comes in decomposing into round boulders. There is an apparent 
undulation in the beds hereabouts, but at such extremely low angles that the appearance 
may he due to the lenticular form of beds or accidents of denudation. 

Thence to the Goor at Seroor the road descends gradually, passing hills more or less 
rounded in form, composed of the softer beds of the trap. 

The hills immediately north-east of the Goor are much rounded and the bedding 
inconspicuous : it is, however, nearly, if not quite, horizontal. 

Near the 24th milestone from Ahmcdnnggur the road comes up upon high ground. 
The beds around are well seen, and are nearly horizontal. Indeed, the apparent low dips 
may be duo to the lenticular form of the beds. An instance of this is seen on a hill about 
one mile south of the road just where the latter attains the summit level. One of the strata 
composing the hill thins out rapidly, so that the terrace formed by its upper surface dips east, 
and that formed by its lower surface dips west. 

Still there is hero, as before, the appearance of a very low westerly dip. The country 
as far as Soopa is an undulating plain with scattered rocky flat-topped hills. The traps as 
usual consist of alternations of hard basaltic beds with softer ashy strata. 

From Soopa eastwards the same horizontal stratification prevails. About the 11th mile¬ 
stone from Ahmednuggur there is an apparent low southerly dip. Thence the country 
falls gradually to the broad and nearly flat valley of the Sina river. 

From Ahmednuggur the road runs north to the base of the flat-topped hills which 
enclose the Sina valley. In these hills the traps appear to be perfectly horizontal. Thirteen 
miles from Ahmednuggur at the Seeor Ghat the road suddenly descends a scarp 500 feet 
high to the nearly flat valley of the Godavery. On the side of the road towards the top 
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of the scarp a fine section of traps is exposed, and the following beds are seen in descending 
order. The thicknesses given are merely approximate:— 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Compact basaltic trap weathering into ronnded bonlders, and divided 
by numerous irregular jointing planes of a yellow brown colour; 
thickness considerable; upper surface not seen 

Soft ashy purplish amygdaloidal trap, about 

Hard crystalline compact basaltic trap, with but little jointing, con¬ 
taining agate and quartz in parts; this bed is softer and less com¬ 
pact, about ... ... ... ... 

Soft grey amygdaloid, containing horizontal layers of agate, and 
kernels of agate and of stilbite or keulandite. Some kernels also 
contain a black micaceous mineral; none of the kernels are sur¬ 
rounded by green earth. This bed has a thin layer of red bole 
on the top: about 

Very amygdaloidal soft grey trap, half composed of small nodules 
of agate and zeolite all covered with green earth; surface of bed 
irregular ... 

Thin parting of red bole ... ... ... ... 3" or 

Amygdaloid similar to 5, but containing fewer nodules, and these also 
covered with green earth 

20' 

50' 

15' 

20' to 30' 

4" to 1' 

10' to 15' 

Purplish very amygdaloidal bed. Kernels covered with green earth. 
The rock mixed here and there with large patches of felspar porphyry p 

Prom below this the section is less distinct, all the beds to the bottom of the Ghat, being 
much decomposed at the surface : the majority are amygdaloid®—felspar porphyry (basaltic 
trap with large tabular crystals of glassy felspar) occurring in places. The beds appear thin 
where seen along the hill side, generally 10 to 15 feet each. The upper hard bed appears 
to have pi-eserved the hills and given them their flat top. 

Por some distance below the Ghat while traversing the gently undulating plain of the 
Godavery much trap appears at the surface; beyond that distance black soil alone is seen 
in general, the trap only cropping out in rises here and there. This is the case throughout 
as far as the Godavery. The cotton soils appear greyish on the higher parts of the country, 
darker in the hollows, and they are much mixed with sand and salts in the neighbourhood 
of the river. 

On the banks of the Godavery near the villages of Moonghce and Pyton, there is a 
considerable thickness of brown clay above, generally abounding in kunkur, and evidently a 
river deposit. Below this is gravel, chiefly of fragments of agate and of a zeolite (apparently 
natrolite). In places this gravel is united liy a calcareous cement into a concrete. The 
upper kunkuriferous clay is frequently obliquely laminated, the lamina) dipping, as a rule, 
though not invariably, down the stream. Trap rarely appears below Moonghce; above that 
village, between it and Pyton, it is seen in several places. The concrete sometimes, hut 
rarely, occurs in the tributary streams. 

Mammalian remains in gravels, 8,'c.—In the concrete and gravel mammalian bones are 
met with, and hence, doubtless, the specimen of Elephas (Namadin/s) mentioned by 
Dr. Falconer (Quart. Joiun., Geol. Soc., Bond., Vol. XXI, p. 381, November, 1865) was 
obtained.* 

Mr. Wynne found near Moonghce a fragment of some large bone, and, in situ, a chipped 
agate flake, the latter possibly of human origin. I found, in situ, a molar of Bus, and on 
the river sand, one or two other teeth probably -washed out of the gravel. Bones appeared 
to he scarce just here, however. Shales frequently occur near the top of the gravel, and 
perhaps in the base of the clay; they were not observed below, but in this neighbourhood 
very few sections of the gravel are exposed. 

* The history of this specimen is not detailed by Dr. Falconer. The cranium was found by General (at that time 
Major) Twemlow, then stationed at An run gab ad, who took it to England. This must have been 30 years asro at 
least. The same officer found mammalian bones in large quantities near Hingolee. ‘ ^ 
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Many of the agates in the gravel have, a peculiar dark semitransparent look, resembling 
flint. Such do not elsewhere prevail amongst the varieties occurring in the traps. 

Large numbers of the agates in the gravels are fractured. 

In the drift wood, twigs, grass and rubbish deposited at the edge of the river, I found 
the following land and fresh-water shells. The list may be useful, if the sub-recent and 
ploiocone deposits bo hereafter searched for comparison. 

Helix Tranqueharica, Fabr. (the Deccan variety, which is near the shell figured by Reeve 
in the Cone. Icon, as it. vUellim, Ptfr.). 

„ utomus, Fairbank, M. S. (a very minute species of the Macrochlamys type resembling 
If. vitrinoides or one of the European Zoniles in form). 

,, c.rassicostata, Benson. H. fallaciosa, For. 
Sulimus pitlliis,* Gray, 2 or 3 varieties. ]}. camopictus,* Hutton. 13. Abyssinicus, 

Rupp. (a finely costulated var. B. moussonianus /). 
Pupa (or Can/chiurn ?), sp. 
Achalina Vadalica, Benson. A. brevis, Pffr. A. baTanus,* Bens. 
Planorbis compressus, Bens. : P. sp,,* small: P.coromandelianus, Fabr. 
Melania iuberculata,* Lam. 
Bythhiia pulehclla? Bens. II. sp. (minute). 
Pahidina melanostoma. 
Unio cwruleus ? Lea, rare : U.favidens*? Bens. 
Covbicula arafa*? Bens.: Pisidium sp. 
Those marked thus* are most abundant. 

The road from Moonghce to Jalna traverses for some distance the gently undulating 
plain, which does not end to the north abruptly -in general, though at Chandalla and 
Bambeora a little escarpment is seen, formed by a hard bed of trap. It is apparently 
perfectly horizontal. The same horizontality is seen in the range of hills near Umbud and 
on the traps around Jalna. If there be any dip it must be a very low one indeed, to south 
or south-east .f 

From Jalna to Loonar the traps appear horizontal. No change whatever takes 
place in them near Loonar. The beds on the edge of the singular crater!form hollow are 
the usual basalts and ainygdaloids abounding in kernels of agate, carbonate of lime, zeolites, 
&c., coated with green earth as usual. No 'dykes whatever were observed. Ash certainly is 
met with, but it is the ordinary vesicular ash of the traps, full of zeolite, and such as may ho 
found everywhere in the Deccan. The hollow is as nearly as possible circular, rather more than 
a mile in diameter. The sides nearly precipitous. A stream from a small spring which supplies 
Loonar with water has cut a shallow ravine down to the lake which occupies the depression. 
There is no outlet. The sides of the crater to the north and north-east are absolutely level 
with the surrounding country, while to the west, south-west, south and south-east, there is a 
raised rim never exceeding 100 feet in height, and frequently only 40 or 50 feet. In this low 
raised rim there is no trace of distinct ash-beds or lava Hows; it is unquestionably composed 
pf huge blocks of trap, precisely similar to those of the beds below irregularly piled together. 
The types of the ordinary Deccan traps are so peculiar that their identification is easy. 
The mass of materials forming the rim resembles those thrown out of an artificial hole in 
everything except the size of some of the fragments. 

The trap beds dip away from the edge of the hollow generally, but irregularly, and 
appear to owe their dip entirely to disturbance. 

There is thus a total absence of everything which in general characterizes a volcano. 
And yet without volcanic action it is inconceivable that such a hollow should have been 
formed. No process of aqueous denudation can explain it. The rim, too, appears formed 
from the fragments ejected from the crater. True, this rim cannot contain one thousandth 
part of the material removed, hut the majority was probably reduced to fine powder by 
repeated ejections, scattered over the country, and removed by subsequent denudation. 

t In Sheet So of the Indian Atlas, so far as it was traversed, the mapping appeared good, hut the shading of the 
hills is greatly exaggerated, No one would imagine by looking at it that the great scarp represented as stretching 
away to the south of east from Loonar is only in reality about 100 feet high in general, and never, so far as I saw, 
much over 150 feet, if it is anywhere so much. Moreover, it rises gently and not abruptly. The country in general 
is comparatively level, low flat topped vises, and broad undulating plains, less cultivated than is the case to the 
westward. No hills of any height occur. 
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The hollow might be due to sinking, but in this ease it is probable that the trap beds 
around the rim would dip towards the hollow rather than away from it, while the rim is 
simply unaccountable on such an hypothesis. It is certainly strange to find so well marked 
a crater without any trace of anything ejected from it. Such a crater might just as well have 
been found in sedimentary rocks. 

_ Malcolmson’s description (Trans. Geol. Soc.. London, 2nd Ser., Yol. V, p. 562), is admira¬ 
ble in every way; he observes well that if denudation had removed any cone formed of sconce 
and lava, the crater itself could not have preserved its form uninjured. 

Dr. Carter's description, (Journal Bombay Br. Royal Asiat. Soc., Vol. V, p, 324), copied 
from a manuscript by Dr. Bradley, is very incorrect. The latter found lava flows, or, as he 
terms them, lavic currents proceeding from the crater, greenstone dykes and scoria;. I did 
not discover the two former. Scoria; I certainly found, but they came from brick-kilns. 

The water has a peculiar saline taste. It is so heavy that a slight breeze does not 
appear to ruffle it. It looks like a lake of oil. There is a slightly unpleasant smell caused by 
the decay of a green scum (? conferva) which occurs on it. Malcolmson’s analysis shows 
that the water contains no lime, yet there is a calcareous deposit on the rocks of the ravine 
by which water reaches the lake. The accumulation of salt must be due to the absence of 
an exit. All the salts carried in by streams accumulate, the water evaporates,* 

The shore of the lake is of muddy sand. Around is a fringe of babul trees (Acacia 
arabica), and beyond them tamarind and tiher (Zizypluis jujuba) and date palms. The sides 
are covered with jungle. 

By aneroid measurement my camp at Loonar was about 313 feet above the lake. The 
rim might he in places 100 feet above my camp, so the whole depth can barely exceed 400 feet. 

The salt of the lake is largely collected in the hot weather. A Parsec is said to have 
paid 11,000 Rupees to Government for three years'monopoly. The principal use is for the 
manufacture of glass bangles for women, for which purpose the salt is smelted with quartz 
(gar). The purer salt is used by washermen. There are said to he five kinds of salt, but 
they appear to he merely varieties of the same, differing in purity and state of aggregation/! 

East of Loonar Lake tin- traps appear to be perfectly horizontal. One bed extends for 
a considerable distance near the villages of Dcvilgilm and Lony, and beyond the last named 
village to Mudhee, and appears to be absolutely level throughout. 

Towards Wakiul on the Pain Gunga the beds may dip somewhat to the north ; they 
seem to hill somewhat from Loonar and Lony towards the river, while there is a scarp to 
the south, but the dip, if it exists, is very low. 

The Pain Gunga near Wakud and for many miles below is a deep sluggish stream, 
with earth hanks covered with grass and exposing no section at the sides. Trap” occasionally 
but rarely shows. Near Muslah a little gravel is cut through here and there. 

From the Pain Gunga the road loads over an undulating plain, stony in places to 
Bassim, and thence to Mungrool. Between Parudeo and the latter place the road for 
five or six miles traverses a very stony plain, covered with trap boulders, the majority small 
not above 2 to 4 inches in diameter, and unusually well rounded, not by rolling,' but by 
weathering. The hod of trap from which they are derived (by weathering),' and winch form's 
the surface, throughout, is compact, and very minutely crystalline, containing no olivine nor 
any other mineral distinct from the mass, and, so far as I observed, neither zeolite’ nor 
agate nodules. 

To the north this bed ends in a low scarp (not a great range, as represented on the map) 
It may consequently have a slight dip to the south, but if so, the inclination is so small as 
to be imperceptible. 

From Mungrool the road taken* leads east through the Woon or south-east district 
of Berar. A scarp is descended about 4 miles east of Mungrool, and a second about 

m i rhis flops not alone, however, account for the composition of the solid contents of the water, for which see 
Malcolmson, 1. c. 

,Alexander, hd. Phil. •lourn., 1821, Vol. XT, p. 30,8; Orlebar, Proceedings of Bombay Geogr. Soc. for February 
1839, p.3o : Buist. Ed. New 1 hil. Jour. 55, Vol. I, New Ser., 2f>0: Newbold, Journal Royal Asiatic Society. 

+ from Mungrool 1 proceeded nearly due east to Mangali, and thence north to Nagpur. 
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12 miles further on. The rocks appear perfectly horizontal, and these scarps which are not 
of great height may he merely steps in the descent from the high ground, and the upper traps 
of the Deccan plateau to the lower ground and inferior .formations of N agpur. At the same 
time it is quite possible that the traps have a low dip to the west, hut if so, it is, as usual, 
so slight as to be imperceptible. 

The country continues to fall beyond Dharvi towards Larkeir. A little south-east 
of Larkeir the traps have a distinct low dip, about 2° to north or north-east. A similar 
low northerly dip is seen about the village of Both. There are low scarps to the south, and 
long slopes on the north side of the hills. 

Near Kini, a few miles west of Ycotmahai, there are some small rounded hills of very 
compact laterite. It is highly ferruginous, and might doubtless be used as iron ore. It is 
generally concretionary i i its structure (but not formed of minute concretions aggregated 
together like the Bengal laterite), and covered with the usual brown glaze. Some fragments 
show distinct stratification, and pass into ferruginous shale. The mass of the rock resembles 
the laterite of M ahableshwar, and like that contains yellow or white clay in small angular 
or rounded fragments. 

East of Ycotmahai other knolls of laterite occur. They are about 100 to 150 feet 
high, but it is impossible to see how much consists of lafcrito and how much of trap. The 
laterite appears to be horizontal, but only isolated caps remain. It contains small rounded 
grains apparently of decomposed trap. 

Ycotmahai stands high: there is a considerable ascent to it from each side. To the 
east the road continues to descend towards the Will'd a valley and about Kalam emerges 
from low hills into a broad open plain. The traps along the sides of the hills appear horizon¬ 
tal as usual. 

There is some peculiar compact and crystalline limestone near Ralagao and Antargao, 
apparently intertrappean, but so far as was observed unfossiliferous. Its character differed 
from all other intertrappean beds seen. 

The boundary of the trap at the Wurda on Malcolmson’s map (Trans. Geoi. Soc., Lond., 
2nd Ser., Vol. V) is incorrect. He makes the subjacent formations extend in a great way 
1o the northward and westward. Really all is trap on the Wurda to below its junction with 
the Wunna. 

No intertrappeans (unless the limestone of Ralagao belongs to that formation) bad been 
met with throughout the Deccan or anywhere along the road until between the Wurda 
uml M augali. Near the village of Doilchi, 5 or 6 miles east-south-east of Pohna and 
to the west of the village, there is Hue compact brownish-white limestone with fragmentary 
fossils and occasionally perfect Melanias (M. qliadri/ineala'/). East of the village a good 
section of limestone associated with fine white, and yellow shales is seen in a stream with 
trap both above aud below. In the underlying trap are fragments of the limestone enclosed. 
The amount of trap seen below is very small, aud limestone may recur beneath, otherwise the 
former must he intrusive. It does not follow that the intrusion is more than local. The 
shales contain Cj/pridun in abundance, with fish scales and wings of insects. They dip 
slightly to the northwards. 

In the Wlinua close to its confluence with the Wurda a fossil vertebra of some large 
animal was pulled up. Probably the ossiferous gravel occurs here. 

Trap occurs at Chikni; thence to Samli very little rock could be observed. At Don- 
gurgaon, 2 or 3 miles south of Chikni, is a low ridge of hard siliceous rock, but 
whether it belongs to the gneiss series, or is one of the usual sedimentary rocks more 
hardened than elsewhere, it is impossible to say. 

At Almoodi south of Sami i trap occurs, probably an outlier. At Talligaon just north 
of Almoodi between Saiuli and Mangali close to a tank sandstones fine, hard and compact 
in general, containing bands of pebbles and conglomerates in places, occur with a north or 
north-east dip (towards Mangali). The sandstones are white and grey, with specks and 
patches of bright red. The pebbles in the conglomerate comprise vein quartz, quartzite, 
metamoTphics of various kinds, red jasper (rarely) and a somewhat sandy rock having the 
appearance of silicified wood or coral. Beneath the conglomeratic beds are some fine red 
argillaceous sandstones. 
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From north of Samli to 200 or 300 yards north of the deserted village of Man gal i 
all is trap. About Samli no rock is seen, nor are any sections seen south, of the trap between 
Talligaou and Mangali. Coming south from the trap at the latter place the first sedimen¬ 
tary rocks seen are fine grey quartzose sandstone, conglomeratic in places, as compact as 
Vindhyau sandstone, much m ire so than Damudas usually are,* having a general resem¬ 
blance to the beds at Talligaou. 

Just south of these are the old quarries whence Mr. Hislop is said by the villagers to have 
obtained his fossils. The rock Is a very line deep red argillaceous sandstone, shaley in parts. 
Thin layers of a yellow colour are frequent, and these appear to be richer in fossils than 
the red portions. JEstherias (of two species apparently) abound, and some ill marked 
plant-remains also occur. 

The surfaces of the slabs are frequently covered with irregular pits, and appear as if 
corroded by surface waters. This is curious, as argillaceous sandstone is not a rock easily 
dissolved by water, yet it seems difficult to account for the corrosion otherwise. 

From Mangali to II in guugh at and thence to Nagpur no rock except trap is seen. 
The country is mainly an open cultivated plain, thickly covered with cotton soil, a few 
scattered flat-topped hills occurring towards the south, and nearer to Nagpur some well 
marked hill masses come in to the westward. The traps wherever seen are apparently 
perfectly horizontal. 

On the road from Nagpur to the Wurda on the way to Oomrawatee all is trap, 
perfectly horizontal to all appearance, except an inlier of Damudas near Bazargao n, (not 
examined), and some isolated caps of laterite near Ko on dal lee. 

July 1866. 

On the Agate-flake found by Mb. Wynne, in the Pleiocene (?) deposits of the 
Uppee Godaveby, by T. Oldham, Esq., LL. D., Ac., &e. 

On the accompanying Plate (Plate 1) 1 have given full-sized figures of the agate-flake 
referred to above (p. 61) by Mr. Blanford—Mr. Blanford here says, ‘possibly of human 
origin.’ Further examination and comparison satisfied him of the true nature of this speci¬ 
men. He said (Proceedings Asiatic Society, Bengal, October 1860), “ I was at first very- 
sceptical as to the genuineness of this flake, hut a recent examination and comparison of it 
with some of the Jubbuipoor specimens have strongly inclined me to believe that it is really 
of human manufacture: and he pointed out the similarity with one of those found near 
Jubbuipoor. 

The flake hero represented was found by Mr. A. B. Wynne while searching the banks 
of the Upper Godavery for fossil bones. It .was discovered just, below the village of 
Moongee, near Pyton. The river cliff here has a height of about 50 feet. And in a bed 
of uncompacted sub-calcareous conglomerate or concrete, gravelly and containing Shells of 
species similar to those now living in the neighbourhood, the specimen was found imbedded. 
A brief but careful search was made in the neighbourhood for other specimens, hut without 
success. Not more than 15 to 20 miles, however, of the river could at the time be visited. 

The flake was found about 20 feet above the base of the cliff Its general form and 
character will be understood from the Plate better than from a description. It is formed 
from a compact light coloured agate chip, which near the surface has become blackened, and iu 
two parts the original smooth ferruginous (rolled?) surface of the agate mass remains. The 
flake is rudely triangular in section, one side being flat, while between the two edges, although 
not centrally, it rises on the other side into a ridge. The whole is slightly curved, and'at 
one end the sharp edges are curved so as to form a slight reflexion of the whole Hake, giving 
that end very much the form ot the curved end of a carving knife tor game. The other end 
of the flake lias a lateral extension which may have served as a means of attachment to a 
handle. The sharp cutting edges arc much blunted and hacked, obviously by use. The total 
length of the flake is 21 inches; its breadth, which is tolerably constant for its entire length, 
is T\ inch. 

mor 
on but 

* This appears to be universally the ease near Nagpur. The Damtulos and Mangali beds are much harder and 
re compact than the correspondunr rocks in It.aural and the Ncrbudda valley. However, this remark is base! 
jut a slight acquaintance with the Nagpur beds. 
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T1 ie first notice of the discovery of this flake was given at the meeting of the Asiatic 
Society of Bengal on the 6th December 1865. The specimen had not then reached me, blit 
judging from the description I had no doubt about its character, and the matter was brought 
forward as of “the highest interest.” I then said : “Many of the members of the Society 
are perhaps not aware that, spreading over a large area, in the country drained by the upper 
waters of the Godavery and its affluents, there is a widely-spread deposit of clays and gravels 
containing remains of large mammalia, which are probably of the same kind as those which 
occur in the similar gravels and clays of the Nerbudda valley, and of which the Society pos¬ 
sesses many specimens. From these gravels and in the valley of the Godavery near Pyton, an 
agate (lake, bearing evident marks of having been artificially made, has been dug out recently 
by Mr. Wynne of the Geological Survey. This is a fact of great importance, and we must 
only hope that further research will tend to clear away any difficulties that now remain, and 
add to the history of these interesting relics of the early in habitants of these countries,” 
(ji. 207). This important discovery of Mr. Wynne's was alluded to by Mr. H. F. Blan¬ 
ked in a letter quoted in the Geological Magazine (London) for February 1806 (where 
Mr. Wynne’s name is erroneously printed Bynue). p. 93. And Mr. Wynne himself gave a 
more detailed account of the mode of its occurrence in the same Magazine (June 1866, 
p. 283). Mr. W. T. Blanford more recently (October 1866 and September 1867) has again 
alluded to this discovery of Mr. Wynne's as bearing on the early appearance of man 
in India. 

This question of the antiquity of man in this country long since excited much interest. 
Almost the earliest speculations in which my lamented friend Hugh Falconer indulged when 
the Sewallk fauna was beginning to unfold its richness to him were on this point, and ho, to 
the last, believed that there was good reason to suppose that several of the animals whose 
remains were found imbedded in the so called miocene deposits of the Sewalikx had been 
cotemporarics of man. Much more therefore would he have been prepared to admit the 
validity of proof tending to establish his existence at a more recent period. 

Unfortunately as yet we have no specific determination of the animal remains from the 
Godavery valley excepting in one ease (Elephant Namudinus). Bones of oxen, Ac., have been 
found, but have not been identified specifically. Still looking to the marked general resem¬ 
blance both in mineral character and in mode of occurrence and distribution, and to the fact 
of the comparative proximity of the Godavery to the Nerbudda, there can, I think, be little 
doubt that these similar deposits in the two valleys are approximately of the same geological 
ago. From the Nerbudda valley a large number of species and of genera have been deter¬ 
mined, and to these deposits Falconer assigned the general age of ‘ pleiocene in these cautious 
words, alluding at the time specially to the researches of the Geological Survey of India : “ In 
designating the formation as pliocene which I have during many years, I have been guided 
by the indication!) of the mammalian fauna, as intermediate between the miocene of the 
Ivrawaddi, Perim Island and the Sewalik Hills, and that of the existing period” (Quarterly 
Journal, Geological Society, London, XXI, p. 383). In the same masterly paper, Dr. Falconer 
pointed out that no trustworthy cases of the Occurrence of very ancient human bones, or 
industrial objects, have yet been established from the section of the Jumna and Ganges, but 
that they may be looked for on a more careful and extended search, stating also that the 
ancient fossil Mammalia of the Gangctie valley belong to the pliocene fauna of the Nerbudda, 
“ to which also it would appear certain that, the deposit- of the Godavery" (from which the 
(lake now described was obtained) “ also belong." 

The vastly interesting results which these researches involve have for year's past been 
most closely and keenly discussed in Europe and America. The antiquity of man is there 
one of the most eagerly investigated questions of modern science, while in this country, 
where so many reasons combine to indicate a greater probability of success, hut little has been 
done. It will be useful to quote here the eloquent words of Dr. H. Falconer on this subject. 
After referring to the curious support which the discovery of the huge ColossocJudys served to 
give to mythologi ' t edition, and the inference that this animal may have lived down to an 
early epoch of the human period, he proceeds: 

“ It is not meant to be urged now, after a lapse of more than 20 years, that any 
serious claim can be preferred on the speculation put forward in the passages above cited. 
But it will perhaps ho admitted that the mind of the observer from whom it emanated was 
then occupied with the subject of the possibility of the remote antiquity of man in India 
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on palaeontological evidence. It is true that the expressed view is, that the Colossochelys 
may have lived down to an early epoch of the human period, and not that man had lived 
back to he a contemporary of the tortoise, now proved to have been miocene. But the 
two views are reciprocal; and the form of expression selected on the occasion was that which 
was least calculated to provoke ridicule, or to shock the strong prejudices on the subject 
which were then dominant among educated men.* And so firmly was-not merely the 
possibility, but the-probability of the case impressed upon our minds, that Captain Cautley 
and myself were constantly on the look-out for the turning up, in some shape or other, 
of evidences of man out of the strata of the Sewalik Hills, partly from considerations 
of a different order, to which I shall briefly allude. 

“ The cataclysmic speculations of Cuvier and the diluvial theory of Buckland were then 
exploded. The wide spread of the plains of India showed no signs of the unstratified 
superficial gravels, sands, and clays, which for a long time were confidently adduced as 
evidence that a great diluvial wave had suddenly passed over Europe and other continents, 
overwhelming terrestrial life, and leaving the marks of its course and violent action in those 
enormous deposits of transported debris. Every section along the Gangetic plain indicated 
that the superficial strata there were of local origin, and the result of tranquil sedimentary 
deposition. Viewed in the light of a strictly physical inquiry, the chief rational argument 
in support of the opinion that the advent of man upon the earth dates from a very modern 
epoch was first, the negative evidence in the non-occurrence of human relics, and next the 
fact that taking him in conjunction with the mammals with whom he is now associated, they 
appeared, as a group, to belong to a new order of things strikingly different from that of the 
immediately preceding period. The mammoths, wool-clad rhinoceros, the cave-lions, and 
spelsean hyenas, the Irish elk, &o., of the European fauna were all extinct, although the 
carcasses of some of them had been discovered, under favorable circumstances, in the most 
perfect state of preservation. Pacts of corresponding import were yielded by a glance cast 
upon the latest palaeontology of the American Continent. There also the huge extinct 
edentata, the mammoth, and the mastodon indicated a different order of life, especially from 
that now existing. But in India the problem presented itself under another aspect. There 
no break was visible in the tranquil succession of deposits, no interference of a general 
oceanic submergence, followed by incoherent beds of sand and gravel, no intercalation of 
glacial phenomena to disturb tlie previous system. Tin? present physical order of things 
-modified only by alterations of level, by upheavemenl and depressions—could be traced back, 
in an unbroken chain, to the ossiferous strata of the valley of the Nurbudda and of the 
Sewalik Hills. Results in harmony with these indications were .yielded by a retrospect cast 
upon the system of organized life. The Mastodons, the Siegodons, and the Loxodnn 
Elephants were extinct, as were also the Simtherium, the GKaUcatkemum, the three-toed 
Hipparion-Tr.orse, the llexaprotodon, the Mery copotamns, and other peculiar forms. But 
they were found associated in the same Sewalik deposits with species of true Eqnus, of Camel 
and of Giraffe, the two last being characteristic cotemporaries of man at the present time. 
The pliocene fauna of the Ncrbudda valley produced, along with the miocene Strgnrlrm 
insignia of tlie Sewalik Hills, an extinct Elephant (E. Namadiens), the dental system of which 
is closely allied to that of the existing Indian species ; a true Hippopotamus, and, not to 
mention others, a true Taurine Ox, Bos Namadiens, and a huge Buffalo, B, (Bubahts) 
(Palaindicus), which is nearly approached by the living ‘Arnee’ of the forests of Assam, 
being the stock from which the domestic Buffalo of Oriental countries is supposed to have 
sprung. That the actual order of the present system of life had begun during the Sewalik 
period was indicated by the living Ghana! Crocodile and Emys tecta, being found associated 
with the extinct mammalian forms. And of the latter, some, like Stegodon msignis, accom¬ 
panied by a species of Tfexaprotodon, descended to the pliocene period of the Nerbudda 
fauna, to he associated with a true Taurine Ox and with a Buffalo which hardly appears to 
differ more from the living Arnee than does the ancient Bison prisons from the living 
Aurochs. Another fact chimed in with special force. Among the four or five species of 
Sewalik Quadrmuana alluded to above, one was inferred by Sir Proby Cautley and myself, in 
1837, to have been a large Ape, exceeding the size of tlie Orang-Outang, but of unknown 

* M. SI. fiurritfou anil Filliol recently (April 20th, 1HHS), requested tlie opening of n sealed packet, which 
they had deposited with the Academy of sciences, Paris, so loner since as 1864. In this they had shewn (lie 
probability ol' man’s existence in the miocene age, from observations made in the deposits of Sansan. The 
evidence consists of bones split, longitudinally, &e. 
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immediate affinity. This opinion was founded upon a canine tooth of an old animal, which 
is figured and described in the Journal of the Asiatic Society of Bengal (Yol. VI, p. 359). 
Five years afterwards, in 1812, I instituted a close comparison between the fossil specimen 
and the corresponding tooth of three skulls of the Orang-Outang, contained in the Museum 
of the Asiatic Society in Calcut fci, and found that their agreement was so close that I con¬ 
jectured that the extinct Sewalik form had been a large Ape allied to Pit hems satyrus. 

“ A quudrumanous astragalus derived from the same strata approached in form and pro¬ 
portions so near to that of the existing Honumau Monkey, Semiwpitliccus entellns that the 
help of the callipers had to be put in requisition to enable us, in 1836, to discriminate them 
by differences not exceeding millimetres. The distinction between the fossil and the recent 
bone is hardly greater than that which might he expected to occur in any two individuals 
of the living species. Here, then, was clear evidence, physical and organic, that the present 
order of things had set in from a very remote period in India, Every condition was suited 
to the requirements of man. The lower animals which approach him nearest in physical 
structure were already numerous. The wild stocks from which ho trains races to bear 
his yoke in domesticity were established. Why then, in the light of a natural enquiry, 
might not the human race have made its appearance at that time in the same region P 
Cuvier, notwithstanding his strong bias in favor of the modern appearance of the human 
race, admitted, in language which has often been overlooked in Intel- discussions, that man 
may have lived before the last great revolutions which were the subject of tiis disquisition : 
‘ Tout porto done a crotro epic t’espoce humaine n’existait point dans les pays on se deeouvrent 
les os fossiles, a 1’epoque dcs revolutions qui ont enfoui ces os; car il n’y aurait eu aucune 
raison pourqu’elle eehappat ton to entiere a dcs catastrophes atissi generates, ct pour qtie ses 
restes ne se retrouvassent pas aujourd’hui conune ceux dcs autres animaux ; mats je n’en 
veux pas eonclure que 1’homme n’existait du tout avant cotta epoquo. 11 pouvait ha-biter 
quniques contrees pen etendues, d’ou il a repeuplb la terre aprfes ces evenements terrlbles,’ &c. 
The valley of the Gauges seemed to present the exceptional conditions here demanded; it 
was exempt, from the protracted submergence under the ocean, the effects of which on 
Europe suggested the idea of cataclysmic revolutions. I dwell upon the subject now in 
the hope that, when the palaeontological exploration of the Sewalik Hills and Nerbudda 
valley, or of other equivalent formations, is resumed, these remarks may attract attention 
in India, and that a keen look-out may ho kept up for remains of the large fossil Ape above 
alluded to, and for traces of man, in some form of equally remote antiquity. For it is 
not under the hard conditions of the glacial period in Europe that the earliest relics of 
the human race upon the globe are. to be sought. Like the Esquimaux, the Tehuktshes, 
and the Sumoycdcs on the. shores of the Icy Sea at the present day, man must have 
been then and there an emigrant, placed under circumstances of vigorous and uncertain 
existence, unfavorable to the struggle of life and to the maintenance and spread of the 
species. It is rather in the great alluvial valleys of tropical or sub-tropical rivers like the 
Ganges, the Irrawaddi, and the Nile where we may expect to detect the vestiges of his 
earliest abode. It is there where the necessaries of life are produced by nature in the 
greatest variety and profusion, and obtained with the smallest effort; there where climate 
exacts the least protection against the vicissitudes of the weather; and there where the 
lower animals which approach nearest to man now exist, and where their fossil remains 
turn up in the greatest variety and abundance. The earliest date to which man ha.s as yet 
been traced back in Europe is probably but as yesterday, in comparison with the epoch at 
which he made his appearance in more favored regions.”(a) 

Years since the officers of the Geological Survey engaged in Madras discovered chipped 
stone-implements identical in character and form with those so generally known from the 
Amiens and Sussex Gravels. These have been described by Messrs. Foote, King, Oldham, &e., 
but unfortunately there was nothing tending to determine exactly their age. They occurred 
abundantly in a lateritic conglomerate, or somewhat compacted gravel, near to, or on the 
surface; others, again, more nearly approaching in character the flake now described had been 
discovered in the vicinity of Jubbulpoor. Those latter, as is this Moongee specimen, exactly 
represent the flakes so frequently found "associated with human remains in Europe, under 

M. H. Falconer. Paleontological Memoirs and Xotes, Vol. II, p. 578, and Qtiar. Jour. Geol. Soc., London 
Vol. XXI, 1865, p. 388. i , ■% , 
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circumstances indicating great antiquity. Unfortunately, however, very little information 
was obtained regarding the mode of occurrence or the antiquity of these specimens. And 
it therefore was of the highest interest to find absolutely in the bone-bearing beds of the 
Godavery some 30 feet below the surface at that place, and in a bed, not of soft easily 
movable silt or sand, but of hard compacted calcareous conglomerate, the flake of which 
drawings are now given. 

It is, however, as yet the only case on record of such occurrence of works of human 
art in these beds in this country. And we would earnestly seek the co-operation of (hose 
who may be more permanently in the vicinity of these deposits to institute and maintain 
a search for others. Mere casual visitors have comparatively hut slight chance of success 
in such researches. 

September, 1868. _ 

The boundary of the Vindhyan seeies in Rajtootana, by H. B. Medlicott, f. g. s., 
&c., &e. 

The strata of the Vindhyan period have long since received a prominent place in the rock 
series of Hindustan. In the typical area between the Nerbudda and the Jumna, the 
Geological Survey had been for some time more or less accurately acquainted with the 
relation of the Vindhyans to the underlying rocks along the south-eastern and north-eastern 
boundary, when, in the cold season of 1865-66, I was sent to investigate their western 
extension towards the Arawali range in Rajpootana. The formation as a whole shows no 
effects of disturbance ah extra. Along the entire north-eastern boundary, wherever older 
rocks are exposed, the Vindhyans rest totally nnconformably upon all, whether crystalline 
schists or umuetamorphic strata. The junction is normal and undisturbed, being simply- 
exposed by denudation; and its position coincides more or less with an original limitation 
of the basin of deposition. Along the south-eastern boundary there is the same total 
unconformahility with all underlying rocks ; but here there is a margin of variable width in 
which the strata are more or less intensely disturbed; for the most part this has the character 
of simple elevation outside the boundary or of depression inside it; but the junction is often 
locally faulted. I Ure too, however, there are indications of an original limitation of the 
deposits corresponding with the actual boundary; several of the sub-groups thin out and 
disappear on approaching it. Besides the feature that has been noticed in the north and 
south extension of the Vindhyan groups there is an analogous feature in the east and west 
distribution; along the south boundary several of the groups are overlapped and so disappear 
from east to west; thus it is only in the eastern portion of the area that we find the important 
and peculiar strata which are known among us as the lower Vindhyans, and which are well 
exposed throughout the entire length of the Sono valley. 

The examination of the third and western boundary of tbis area has not added anything 
to our general knowledge of the Vindhyan rocks. Tho boundary is as sharply defined as 
elsewhere; the groups that are seen are like their representatives 500 miles to eastwards, 
with which they are continuous; and even the features of the boundary are like what 
is seen in the Nerbuddu valley. The lower Vindhyans do not appear anywhere along 
this junction; but the several groups of the upper Vindhyans—the Bundairs, the Rowans 
and the Kymores-—are well represented. The famous old fort of Cliittorgurh stands close 
to the western boundary, upon a, scarped bill of Bundair sandstone, an outlier of a plateau to 
the east; the limestone and shales of the same group being well exposed in the plains 
at its base. The same beds are also well seen to the north-east, about Parsoli and at 
Boondi, close to the boundary ; and at several plaoes the lower groups crop out along the 
boundary from beneath the Bundairs. Although hero, as elsewhere throughout this series, 
there is a strong apparent likelihood for the deposition and preservation of fossil remains, 
none have been discovered. 

To the w-est of Bagh the steep scarp of the Deccan trap hounding the Nerbudda valley 
on the north is rather the face of a ridge than of a plateau. There is a very considerable fall 
on the northern side, and the country is deeply undulating instead of formed of open plains 
as at a few'miles distance to the east. In the valleys and low ground about Jubbooah the 
crystalline rooks are freely exposed. We here, in fact, come upon the western boundary 
of the Mahva plateau. It is a very irregular orographical feature, being purely determined 
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by denudation, and it is interesting to observe its very apparent relation to the distribution 
of the rocks. The river Mhye with its tributaries is the first of the streams flowing north¬ 
ward from the south edge of the plateau which has not to encounter the resistance of the 
horizontal Vindhyan strata; beneath the trap it only encounters the decomposable and 
variable rocks of the metamorphic series, and erosion has gone on unchecked. After a 
northernly course of many miles the Mhye bends westwards and southward into the 
gulph of Cambay. 

The greater part of the plateau of Malwa is formed entirely by the great Deccan trap 
formation. In going northward along the table land from Indore through Rut]am, the 
Vindhyans first appear at Mundesor, about 140 miles from the Nerbudda; they gradually 
emerge from beneath the great expanse of trap to the east. In following a parallel course 
a little to the west, along the boundary of the table land, it is seen that the non-appearance 
of the Vifidhyans to the south is not owing to their being concealed by the trap; for all 
along the boundary the crystalline rocks immediately underlie the volcanic rock ; and an 
examination of the Vindhyans themselves shows that their boundary at Mundesor is a feature 
of very ancient date. It runs in a north-west by west line from Mundesor, and the 
Vindhyans rise into small plateaus in that direction, the strata being quite horizontal. Even 
on the high level signs of disturbance are traceable along the line of contact, but it is where 
the strata run out along this strike into the low ground that tho structure is fully seen. 
Here the lower groups of the upper Vindhyans crop out with a rapidly increasing north¬ 
easterly underlie against the crystalline rocks ; the lowest hand being a cong'lomeritic sand¬ 
stone. In the opposite direction the boundary at Mundesor strikes towards II oshungabad 
and Burwai, the lowest point to which the Vindhyans reach in the Nerbudda valley. 

About the point where the Mundesor line of boundary strikes the edge of the plateau, 
the boundary makes a sudden bend of half a right angle, running due north for 40 miles, 
passing about 20 miles west of Necmuch. This is the most westernly position of the 
Vindhyan boundary. With it there commences an immediate change in the character of 
the contact: the margin of disturbed rocks is several miles wide, marked by flat, symmetrical, 
anticlinal flexures, causing ridges along the outcrop of the sandstones with intervening 
valleys on tho contorted shales. 

These features are well seen where the Neemueli and Oodipoor road crosses. The 
actual line of junction is marked by no special feature, the contact taking place on the low 
ground with the Vindhyan shales, which seem to he about equally liable to erosion as the 
gneissose series. It seemed to me that the shales at the contact were those with which 
the limestone is associated and which I have considered to be of the Bundair group. There 
would thus he presumption in favor of a fault. 

Close to Chittorgurh there is another abrupt, bend in the direction of the boundary; 
from north and south it turns to the north-east. Ror some distance at least, in this new 
direction, the character of the junction is the same as that last described ; the IN usserabad 
road north of Cliittor crosses at the same level from the crushed Vindhyan shales, with 
limestone, on to the friable granitic rocks. The strike of the contortions in the shales has 
already become identical with the new direction of the boundary. The actual contact often 
runs in a slight depression of the surface, there being no vein-stone visible or any direct 
evidence for the supposed fault. Where I next examined this boundary near Parsol i, some 
15 miles north-east of Cliittor, although its strike and that of the strata, continue steadily 
to north-east, the conditions of the junction have entirely changed, having again assumed 
the form noticed in the Mundesor reach. Prom the north-west one approaches upon 
granitic and schistose rocks up to the very base of a steep ridge ol' sandstone in which the 
dip is south-easterly. Beyond this ridge there is a steady longitudinal valley upon crushed 
shales, without limestone; then again another ridge of sandstone with the same south¬ 
easterly dip; just insido this ridge the village of Parsol i stands in an irregular open valley 
formed of the shales and limestones, the plateau-hills to the south-east being formed of 
the sandstone overlying the same. This is the moat compact section I observed of the 
three groups of the upper Vindhyans. 

At about 4 miles tonorth-east of Parsoli the regularity of the section terminates in the 
most obscure manner, involving a fresh change in tho direction of the boundary and in the 
strike of the rocks. At Bumunia and Singoli the sandstone ridges come to a sudden 
termination along an east-west line, facing' a low wide-spreading plain. The feature is 
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manifestly connected immediately with structural conditions of the rocks. At the end of 
the outermost ridge, that of the Ivymore sandstone, I could trace a change in the dip from 
the steady south-east of the ridge to east-north-east, to north-east, and to north-north¬ 
east, there being here a little spur of sandstone tailing off to the west-north-west. Of the 
middle ridge of Bcwah sandstone I could make nothing; at its present termination the 
south-east dip is still maintained. On the undulating high ground formed by the top 
band of sandstone, thatof the Bundair group, the undulations which at Parsoli corresponded 
with the north-east strike, arc rapidly replaced towards Singoli by a north-west strike, 
and the outermost ridges underlie towards the plains to the north. On the low ground 
for some distance in front of all the ridges, Vindhyau shales (I cannot say of what group) 
are the only beds seen; they are much crushed, hut with a prevailing east-westerly strike. 
On a mere eursoTy survey and without any map of the ground my study of the sections 
could not be sufficiently detailed to offer any explanation of these complex stratigraphical 
features. 

Prom Singoli the tracing of the exact line of junction is greatly obscured by a change 
in the nature of the older rocks in contact; instead of the easily distinguished granite, 
gneiss and schists, the prevailing rock here is an imperfectly cleaved clay-slate, often scarcely 
distinguishable from the crushed Vindhyan shales. Superficially the change is indicated 
by the abundant debris of quartz derived from the veins that freely traverse the slates, hut 
are altogether wanting in the Vindhyan rocks. The run of the boundary here would seem 
to he much less regular than what wo have scon to the south. Towards Boondi the 
junction is again somewhat better defined, at least locally. Boondi stands at the end of a 
valley formed on an autielinal of the Bundair group (taking the limestone associated with 
the shales as a criterion of that group). The strike is about 15° north of east. On the 
north side of the valley is a massive ridge of quartzite sandstone, which must, at least 
in part, he formed of the Bundair rock. The slates are found close to the north base of the 
ridge. The difficulty of discriminating the series is increased in this vicinity by the occur¬ 
rence of a limestone, not markedly different from that of the Vindhyans, among what I took 
to he the slates. 

The crystalline metamorpbic rocks underlying the Malwa trap on the west show much 
variety, and invite a closer examination than I could give. They are decidedly gneissoso; 
and granitoid masses are frequent. There is one strong and persistent run of a coarse 
conglomerate. It is well exposed in the river at Tandla: the matrix, though coarsely 
foliated, is rather earthy, the pebbles are often large and subangular, not always elongated 
in the strike: whatever they may once have been they are now mostly granitoid. North 
of Tambesera the same is well seen: the boulders in it are sometimes 2 and 4 feet in 
diameter; they are thinly and partially distributed in the matrix. There is a crystalline 
limestone largely developed alongside the conglomerate. I also noticed some earthy graphi¬ 
tic schists associated with it. At Talwara, 10 miles to west of Banswarra, a white 
granular limestone is quarried to some extent. A north-westerly strike prevails throughout 
these rooks. 

Bocks of semi-metamorphic character were first observed north of Chittovgurli. Bibs 
of quartzite tail out from a considerable group of hills to the north to within half a mile of 
the_ Vindhyan boundary. They are associated with earthy ferruginous flaky slates or semi 
schists. They are in very irregular junction with a coarse, quartzose, friable granitoid rock, 
which largely prevails here in the uietamorpliic series; it is quite massive and amorphous. It 
is found In contact with the quartzite, and within a few yards is separated from it by many 
feet of the slates; yet I noticed no case of special intrusion or any signs of contact meta¬ 
morphism. At Gungrar the quartzites have become very massive, apparently overlying the 
slates, and forming considerable hills. A limestone shows very subordinately in these slates. 
! was greatly struck here by the resemblance of the lithological and stratigraphical con¬ 
ditions to those of the slates and quartzites of the Bajgir hills in Behar. The plains south 
ol Hanieergurh are formed on these slates, the northcrnly strike having changed to a steady 
east-north-east direction ; and thus they stretch away to the east, being the same as have been 
already noticed in contact with the Vindhyans from Singoli northwards. 

_Of rocks younger than the Vindhyans the Deccan trap is almost the only representative 
within the area I refer to. At one spot about a mile south of Jahbooah, near the north 
base of the great ridge of trap, there is a small remnant of the Bagh cretaceous deposits; 
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sandstone and bryozoan limestone, scarcely more than 10 feet in all, capping a low ridge of 
crystalline rocks for about a mile in length, and then itself covered by the trap. Although 
I examined the base of the trap at many places in the vicinity and all along for nearly a 
hundred miles to the north I found no other representative of the Bagh beds. 

Of the trap itself a great variety occurs within the area I traversed. I did not notice a 
single instance of intrusive trap of this age. The trap is first met with on the Great Deccan 
road, at about half way between Sipri and Goonnh; and from here its spread is unbroken, 
save b3' a fcur projecting ridges and points of the Vindliyan sandstones, and this only in the 
northern part of the area. Near Kotra I noticed large blocks of baked sandstone weathered 
out of a trap flow. I nowhere found large siliceous geodes so abundant as in the bottom flows 
at the boundary of the trap area. On the whole, porous vesicular trap highly charged with 
zeolitic matter largely predominates. In the road cuttings through the hills south of Goonali 
there are excellent sections exhibiting the distinct flow's of rock. In several I noticed the gradual 
passage, within 8 or 10 feet, from a close-grained crystalline hall trap to a highly vesicular 
and earthy rock at the surface of the hod. At the base of a flow also, compact rock takes the 
place of the large spheroidal trap of the centre of the mass. In the region from Be or a to 
Mehidpur a strong, dark, columnar basalt is constantly met with in the beds of the large 
rivers. In the western region north of Butlam a porphyritic basalt is common. It is the 
homstone-porphyry of Dangerfield’s description. 

Intertrappean beds were noticed at many places in the north-eastern part of the area; hut 
always very local, thin and highiy altered into a confused agglomeration of crystalline lime¬ 
stone, arvugonite and silica. At the village of Bugleri, 3 miles north-west of Mundesor, 
I noticed at the base of a small scarp of Vindhyan sandstone a bed of breccia made up of 
Yindliyan debris. Although the fragments were not water-worn the bed seemed to me to he 
certainly water-laid; and it is overlaid by trap. 

Laterite of various descriptions occurs at many places. The regular, primary form of 
this rock,-that so generally associated with the Gi-eat Deccan trap formation,-is found 
capping the hills south of Goonah ; and, again, the plateau on which Augur stands is covered 
by about 50 feet of laterite, rocky and massive at top, and soft, earthy and ochrcous at base, 
as is generally the case with this deposit. 

Black cotton soil occurs frequently over large areas, hut its connection with the trap 
seems very indirect. I frequently observed trap decomposing into an ordinary yellow kun- 
kury clay, this being overlaid, with a sharp surface of junction, by a thick layer of black soil. 

August, 1866. 

Meteorites.—The Museum of the Geological Survey of India has been enriched, during 
the past quarter, by a magnificent specimen of the meteorite which fell at Meuow, in 
Mechlenburg St relit?., on the 7th of October. 1861 (P1863), and also by a perfect cast of the 
whole mass. This mass was purchased at the time by Baron Beichenhach,' and has ever 
since remained almost intact in his collection. He would not have it cut, and specimens, 
therefore, excepting a few of very minute size, were unknown iu other collections. More 
recently, Baron Beichenhach has been desirous of disposing of this splendid meteorite, and 
alter sometime it passed into the hands of Mr, Wm. Nevill, now of Godalming, Surrey, 
whose valuable collection of meteorites is well known. This collection is now, I believe, 
the finest private collection in the world, and it would rank very high even among the series 
in Public or Government Institutions. To Mr. Nevill, I am indebted for the splendid 
specimen now here. It consists of about one-third of the whole mass, showing on all but 
the cut and polished plane tho original crusted surface of the mass. This vitrified crust 
is coarser, more granular, and altogether less truly vitreous than usual. I have as yet only 
had the opportunity of seeing the polished surface of the cut stone, and it is not easy to 
distinguish the structure in this way. The sp. grav. is more than 4, showing the amount 
of metallic matter iu the stone. But a more careful examination of it will be made. 

To Mr. Nevill, I am also indebted for the extremely rare specimen of the stone which 
fell at Perth, Scotland, on the 17th May, 1830. Of this fall, only one specimen was known. 
This which belonged to Mr. Nevill (having been a part of the Lettsom collection purchased 
by him) was divided with the British Museum, and the fall was, therefore, only represented 
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in the collections of Mr. Nevill and of the British Museum. Mr. Nevill has now, with 
singular liberality, presented his almost unique specimen to the Geological Survey collection. 
The specimen is small, only weighing 6'5 grains. 

In the previous number (p. 39), when noticing the addition of the specimen from 
Pultusk, I had only received the early intimation of the fall, when it was supposed that 
not more than three or four pieces had fallen. Subsequent research has shown that the 
number of separate stones, the majority of them being perfectly crusted on all sides, exceeded 
even a thousand 11 A perfect shower of meteorites 1 

DONATIONS TO MUSEUM, &c. 

A series of bones of various parts of the Solitaire (Pezophaps solitaria, Gmel.) from 
Rodriguez Island, by Edward Newton, Esq., Auditor General, Mauritius, through 
Geoff. Nevill, Esq. 

Specimen of Meteorite which fell at Perth, Scotland, on the 17th of May 1830, by 
Wm. Nevill, Esq., Godaiming. 

Two specimens of roofing slates from Chamba quarries, by Captain J. P. Turton, 
4th Goorkas. 

ACCESSIONS TO LIBRARY. 

From 1st July 1868 to 30th September 1868. 

Titles of Books. Donors. 

Beddome, Captain R. H.—The ferns of British India, Pt. XX, 4to., Madras, 1868. 

Binnet, Wm. G., and Tryon George, W. J.—The complete writings of Constantine 
S. Rafinesque on recent and fossil Concholog-y, 8vo., New York, 
1864. 

Bourguignat, M. J. R.—Etudes geologique et palseontologique des hauts plateaux de l’Atlas 
entre Bog-liar et Tibaret, 4to., Paris, 1868. 

Catalogue of scientific papers, 1800-1863, compiled and published by the Royal Society 
of London, Yol. I, A—Clu, 4to., London, 1867, 

Cuyper, M. Ch. De.—Revue universelle des mines, do la Metallurgie, des Travaux publics, 
des sciences et des arts appliques a lTndustrie, Tom. XXII, 5, 6, 
XXIII et XXIV, Liv. 1, 2, 8vo., Paris, 1868. 

Dana, J. D.—A system of mineralogy: descriptive mineralogy, comprising the most recent 
discoveries, 5th edition, 8vo., New York, 1868. 

Davis, J. B.—Thesaurus eraniorum, Catalogue of the skulls of the various races of man, 
8vo., London, 1867. 

Dawson, J. W.—Acadian Geology. The geological structure, organic remains, and mineral 
resources of Nova S.cotia, New Brunswick, and Prince Edward 
Island, 2nd edition, 8vo., London, 1868. 

Dollfus-Ausset.—Materiaux pour l’etude des glaciers, Tom. I, P. 2, 3. Roy. 8vo., Paris, 
1865-68. 

Dove, H. W.—Der Schweizer Fon; Nachtrag zu ‘ Eiszeit, Fohn und Scirocco,’ 8vo., Berlin, 
1868. 

Erdmann, A.—Sveriges geologiska Undersokning, 22, 23, 24 and 25, 8vo., with maps, 
Stockholm, 1867. 

Gerstaeckeh, Dr. A.—Klassen und Ordnungen des Thier-Reichs, wissenschaftlich dargestellt 
in Wort und Bild., Bd. Y, Lief. 6., 8vo., Leipzig and Heidelberg, 
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Guembel, De. C. W.—Geognostisclie Beschreibung des ostbayerischen Grenzgebirges oder 
des bayerischen und oberpfiilzer 'valdgebii'ges, Abtk. II, and Atlas. 
Boy. 8vo. and Roy. Fol., 1868. 

Kenngott, De. A.—Elemente der Petrographic, ztmi gebrauebe bei vorlesungen und zum 
selbststudium, 8vo., Leipzig, 1868. 

Laetet, E. and Christy, H.—Reliqui® Aquitanic®, Pt. V, 4to., London, 1868. 

Loeiol P. de, et Cotteau, G.—Monographic paleontologique et geologique do l’etage 
portlandien du departement d l’Yonne, 4to., Paris, 1868. 

Lyell, Sie Charles.—Principles of Geology, 10th and entirely revised edition, Yol. II, 
8vo., London; 1868. 

Milne-Edwaeds, A.—Recherches anatomiques et palseontologiqnes pour servir a l’histoire 
des oiseaux fossiles de la France, Liv. 18, 19, 20, 21, 22, 4to, Paris, 
1867. 

Schrauf, De. Alb.—Lelirbnck der Pkysikaliscken Mineralogie, Bd. II, 8vo., Wien, 1868. 

Periodicals. 

Ain I Akbari, (Bibliotheca Indica, New Series, 141,) Fas. VI. Govt, of India. 

American Journal of Conchology, Vol. Ill, Pt. 4, 1867, and Vol. IV, Pt. 1, 1868, 8vo. Phil. 
1867-68. 

American Journal of Science and Arts, Vol. NLV, Nos. 134, and 135, 8vo., New Haven, 1868. 

Annales des Mines, Series VI, Tom. XII, Liv. 6, Tom. XIII, 1, 8vo., Paris, 1867. 
L’Administr. des Mines. 

Annals and Magazine of Natural History, 4th Series. Vol. I, No. 6, Vol. II, 7-8, 8vo., 
London, 1868. 

Engineers’ Journal, Vol. XI, Nos. 7, 8, 9, 4to., Calcutta, 1868. 

Geological Magazine, Vol. V, Nos. 6, 7, 8, 8vo., London, 1868. 

Indian Annals of Medical Science, XXIV, 8vo., Calcutta, 1868. The Editor. 

Journal de Conchyliologie, 3rd Ser., Tom. VIII, No. 3, 8vo., Paris, 1868. 

Journal of Travel and Natural History, edited by A. Murray, Esq., Vol. I, Nos. 1—4, 
8vo., London, 1868. 

Neues Jukrbucli fitr Mineralogie Geologie und Palseontologie, Hft. 3, 4, 1868, 8vo., 
Stuttgart, 1868. 

Petermann, Geographische Mittheilnngen. Nos. 5—6, 1868, 4to., Gotha, 1868. 
Ditto Supplement, XXIII. 

Professional Papers on Indian Engineering, Vol. V, No. 20, 8vo., Roorkee, 1868. 
Major J. G. Medley, R. E. 

Quarterly Journal of Microscopical Science, New Ser., No. XXXI, 8vo., London, 1868. 

Quarterly Journal of Science, Vol. V, No. XIX, 8vo., London, 1868. 

Government Selections, &c. 

Bengal.—Principal heads of the History and Statistics of the Dacca Division. 
Bengal Government. 

„ Annual Report of the Insane Asylums in Bengal for the year 1867, by W. A. 
Green. Bengal Government. 

„ Report on the Jails of the Lower Provinces of the Bengal Presidency for the 
year 1868, by F. J. Mouat. Bengal Government. 

„ General Report on the Topographical Survey of the Bengal Presidency for 1866-67, 
by Col. H. L. Tkuillier. Surveyor Genl. of India. 
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Bengal.—Geographical and Statistical Report of the Districts of Jessore, Furreedpore, and 
Backergunge, by Col. J. E. Gastrell. 

I)y. Surveyor Genl. of India. 

Bombay.—Papers relative to the Revision of the Assessment of the Indapoor Talooka 
in the Poona Collectorate, with Map and Diagram. New Series, 
No. CYII. Bombay Government. 

India.—Report on Judicial and Revenue Administration of Coorg for the year 1866-67. 
Government of India. 

„ Police Report British Burmah. 1867. Extract from the Proceedings of the Chief 
Commissioner in the Home Department, No. 209. Ditto. 

Nokth-West Provinces.—Selections from the Records of Government, North-Western 
Provinces. 2nd Series, Pt. 1. Tea Plantations, Vaccination, Benares 
College, &c. &o. Govt., N. W. Provinces. 

Oudh.—Annual Report for the year 1867, on the Condition and Management of the Jails 
in Oudh. Chief Commr. of Oudh. 

„ Annual Report of the Administration of the Province of Oudh, for the year 1867-68. 
Ditto. 

„ Report on the Police Administration of Oudh for the'jrear 1867. Ditto. 

Punjab.—Report of the Lahore Medical School Hospital, for the year 1867. 
Govt, of Punjab. 

„ Report of the Lahore Medical School, for the year ending 31,st March 1868. 
Govt, of Punjab. 

„ Report of the Inspector General of Prisons in the Punjab, for the year 1867. 
Govt, of Punjab. 

Roorkee.—Report of the Annual Examination of the Thomason Civil Engineering College, 
August 1868. Fol. Roorkee, 1868, Major J. G. Medley, e. k. 

Transactions of Societies, &c. 

Berlin.—Zeitschrift der deutseken Geologischen Gesellsckeft, Bd. XX, lift. I., 8vo , Berlin, 
1868. The Society. 

Bonn.—Verhandlungen des naturhistorischen Yereines der Preussischen Rheinlande, und 
Westphalens, XXIII, Fol. Ill, 3, and XXIV, III, 4. 8vo. Bonn. 
1866-67. 

Calcutta.—Journal of the Asiatic Society of Bengal, New Series, Vol. XXXVIII, Pt. I, 
No. 1, Pt. II, Nos. 2, 3, 8vo., Calcutta, 1868. The Society. 

„ Catalogue of Reptiles, by W. Theobald, Esq., No. 146, extra number. 
The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 7, 8, 1868. The Society. 

„ Journal of the Agricultural and Horticultural Society of India, New Series, 
Vol. I, Pt. 2, 8vo., Calcutta, 1868. The Society. 

Colombo.—Journal of the Ceylon Branch of the Royal Asiatic Society for 1846, Vol. II, 

No. 1—3, 1853-55, and 1858-66, 8vo., Colombo. 
H. Nevill, Esq., c. s., Ceylon. 

Dresden.—Sitzungsberickte der naturwissenschaftlieken Gesellsebaft, Isis, in Dresden, 
Jakr., 1868, Nos, 1—3, January to March, 8vo., Dresden, 1848. 

The Society. 

Lausanne.,—Bulletin de la Societe Vaudoise des Sciences naturelles, Vol. IX, No. 58, 8vo., 
Lausanne, 1868. The Society. 

London. —Journal of the Society of Arts and of the Institutions in Union, Vol. XVI, 
Nos. 808—819. London, 1863. The Society. 
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London.—Smith, W. W., Address delivered at the Anniversary Meeting of the Geological 
Society of London, on the 21st of February 1868, 8vo., London. 

The Author. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 
Yol. Ill, Pt, 1, 8vo., Loudon, 1867. The Society. 

„ Proceedings of the Royal Society, Vol. XYI, Nos. 101, 102, 103, 8vo., London, 
1868. The Society. 

„ Proceedings of the Royal Geographical Society, Vol. XII, Nos. 2, 3. 
Address at the Anniversary Meeting of the Royal Geographical Society, 

Vol. XII, No. IV, 8vo., London, 1868. The Society. 

„ Report of the 37th Meeting of the British Association for the Advancement of 
Science. Dundee, September 1867, 8vo., London, 1868. 

Milan.—Atti della Societa Italiana di Scienze Naturali, Vol. X, Fascl. Ill, 1867, 8vo., Milan. 

Newcastle-on-Tyne.—Natural History Transactions of Northumberland and Durham, 
Vol. II, 8vo., London, 1868. 

Paeis.—Bulletin de la Societe Geologique de France, Tom. XXIV, Ser. II, p. 721 to end, 
8vo., Paris, 1866-67. 

Philadelphia.—Journal of the Franldin Institute, Vol. LV, Nos. 4, 5, 8vo., Phil., 1868. 

The Institute. 

„ Journal of the Academy of Natural Sciences of Philadelphia, New Series, 
Vol. VI, Pt. 2, 4to., Phil., 1867. The Academy. 

„ Proceedings of Academy of Natural Science of Philadelphia, Nos. 1—4, 
8vo., Phil., 1867. The Academy. 

St. Louis.—Transactions of the Academy of Sciences of St. Louis, Vol. II, No. 2, 8vo., 
St. Louis, 1866. 

St. Petersburg.—Bulletin de 1’academie imperiale des Sciences de St. Petersburg, Tom. XII, 
No. 5, 4to., St. Petersburg, 1868. 

Toronto.—Canadian Journal of Industry, Science, and Arts, New Series, No. LXVI, 8vo., 
Toronto, 1867. ' The Institute. 

Maps. 

Flcetz Karte des Niederrheinisch-'Vestfooliscken Steinkohlenbeckens. Sections Sprockhovel, 
Vollmarstein, Kettwig, Langenberg, Langschede, Mintard. Folio, 
1868. 

Hauer, Franz, r. v.—Geologiselie Uebersichtskarte der Oesterroichischen Monarchie 
nach den Aufnakmen der k. k. Geologischen Reichsanstalt, Bl. 
No. VI, with description, Large Fol. and Royal 8vo., Wien, 1868. 
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Part 1.] 1869. [February. 

The Valley of the Pookna Biveb, West Beeab; by A. B. Wynne, Esq., f. g. s., &c. 

The Poorna valley between longitudes 76° and 78° east, is traversed by the 21sfc 
parallel of north latitude. It is about 124 miles in length from its upper or eastern end 
to where it passes into the larger valley of the Taptee ; the main directions of both diverging 
at first so as to include an angle of about 50,° hut afterwards becoming more nearly parallel 
or east and west. The width of the valley may be roughly estimated at from 30 to 40 miles 
on an average, hut is in places greater. 

Its boundaries are—on the south, the range of the Adjunta ghats,—an abrupt scarp of 
the Deccan plateau produced, and gradually becoming less marked, to the eastward—some 
hilly and undulating ground forming the watershed in that direction hetween the Poorna 
and Wurdah valleys; and on the north, the lofty hold and varied escarpments of the (lawil- 
ghur range, which carry a- high crest westwards near to where the Poorna river runs into 
the Taptee, the termination of the mountain range here sinking with some rapidity, though 
not being by any means abrupt. 

The southern ranges pass imperceptibly into the usual steppe character of the Deccan, 
while the mountains on the north are a complex mass or group with a generally east and 
west extension, and such summit elevations as 3,595, 3,778, and 3,975 feet, declining gradually 
northward into the valley of the (upper) Taptee.* 

These Gawilghur mountains are intersected by steep glens and wider valleys, sometimes 
presenting nearly vertical precipices of great but unmeasured height which may in places 
reach 1,000 to 1,200 feet. The glens and ravines wind intricately among the mountains, 
affording some very fine scenery, and as their streams seldom retain water for any considerable 
time, the wildness of this is increased by solitude. 

The valley of the Poorna possesses but little variety of geological interest and is prin¬ 
cipally distinguished by monotonous repetitions of features observable in crossing the Deccan 
from the seaward to this locality, where each hill and ghat and undulating slope or plain 
exhibits similar kinds of nearly horizontal flows of gray amygdaloidal trap, with here and 
there a bed of harder texture of columnar structure, or of bright red bole, or alternations of 
these; the traps sometimes containing numerous zeolites. 

In the river valleys, and where superficial 1 rain-wash’ has accumulated, a light brown 
‘ kunkury alluvium is associated with calcareous sub-recent conglomerate below and black 
cotton soil above, one being quite as occasional and accidental as the other, the conglomerate 
or concrete being perhaps the most persistent along the river courses, the brown alluvium 
or (p) “ soda soil f more universal and the cotton soil occurring, subject only to the rule that 
it is always uppermost. 

Upon descending the escarpment of the Deccan into the valley of the Poorna its alluvial 
plain is entered, often at no great distance from the ghat, and stretching away as far as can 
be seen; only clear days permitting some of the nearest mountains upon the opposite side 

* These heights are taken from a small photograph copy of a map of Gangra by J. Mulheran, Esq. 

t This efflorescing brown alluvium is considered by Mr. Blanford different from the “ soda soil” of Madras. 
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to becouie visible. Heights not being given upon the best maps obtainable, the elevation of 
this plain and its boundary ranges could not be ascertained even approximately in the absence 
of a barometer—which is to be regretted, as the main watershed of India separates the 
sources of the Poorna from those of the Wurdah, the water of the former being discharged 
eventually at Surat whilst those of the Wurdah are tributary to the Godaveri, which 
enters the sea below Rajahmundry on the opposite side of the peninsula. 

The alluvium of this great plain, although of very considerable depth and occupying 
so large an area, is as completely isolated from that of the neighbouring rivers as such a 
deposit can be said to be. A section crossing the valley from the Adjnnta ghats, by Edula- 
bad across the Poorna river, to the western termination of'the Gawilghnr range, would show 
the ordinary trap of the Deccan, forming the high ground at either end, and an undulating 
country between, which viewed from above or from a distance has a plain-like aspect, hut 
frequently exposes the rocks of which it is formed; consisting of the usual traps, here and 
there covered only by slight, detrital accumulations of the same kinds as those of the Deccan. 
Except on the very banks of the Poorna no considerable quantity of alluvial matter would 
be found, and this does not extend far from the river at either side. North and south through 
Mulkapoor a different section would be obtained. Here a wide space, chiefly on the south 
side of the Poorna, is occupied by fine brown calcareous alluvium with ‘ kunkur’ and is 
connected by a narrow neck, at Peeprala, with the great alluvial deposit of this valley which 
in thickness may exceed 150 feet; and nothing else, save varieties of this, is to be seen in or 
near the river from Dadulgaon on its south bank eastwards up the stream nearly to the 
“ sungum” or junction of the Phairlee river, which enters the Poorna near Ivowsa, if we 
except two or three small exposures of trap in its bed near Peeprala Pulsoad and’about 
three miles west of Burra Golagaon. The Poorna changes its course from the N. N. E. 
at the junction of the above-named tributary, and thence takes a westerly direction the 
alluvium on its south side seldom extending beyond an average of ten miles from the river 
and nearly coinciding along its southern boundary with the Nagpoor extension of the Great 
Indian Peninsula Railway while oil the north it reaches nearly to the base of the moun¬ 
tains. On the cast its rather arbitrary and more or less indefinite boundary closely 
approaches the watershed east of Ellichpoor and bending southward traverses undulating 
country eventually reaching the-flanks of the hills near Oomrawuttee.* 

All round the margin of this alluvial tract is a belt of country that might or mio-ht 
not with propriety be included within it, although the surface deposits there do not conceal 
the underlying rock, the exposure of which was "taken as the chief guide in determining 
the line of boundary. On the north and east, this tract, of country is very stony, though 
nothing resembling an old beach is seen, and it may be supposed that streams descending 
from the mountains and hills have frequently travelled across this space, their courses sub¬ 
ject to lateral deviation, covering the u'holc of it with the coarser fragments brought down 
by floods at a time perhaps when the water of a, lake or the sea, occupied the basin of the 
finer alluvium and arrested the boulder-hearing velocity of these mountain streams.! 

In every part of the alluvium calcareous conglomerate or concrete is of common 
occurrence. It occasionally contains fragments of hone or fossil teeth of ruminants, but, 
although sought for, no large accumulation nor even a large fragment of these fossils, was 
observed. Yet enough was seen to show au identity of the conditions under which these 
deposits and those of the Nerbudda valley were formed. This sub-recent conglomerate! 
is very frequent in the stony tract above mentioned. It was everywhere searched for w'orked 
flints hut, without success, although one flake was found in a quite similar deposit, forming 
the right bank of the Godaveri at Pyton in the Deccan, at a considerable distance to the 
south. 

Small laud shells are not uncommon in the alluvium, some were preserved and trans¬ 
mitted to Calcutta, but in general they were too fragile for removal. They appeared to 
belong to existing species. Specimens of Melania luberndata; Paludina Bengalensis; 
Bithinia pulchel/a; Lymnma—■; Planorbis—; U/iio (?) favidens: 17.—? have been 
recognized. 

* Pronounced Oom’rowtee. 

$ The native name for this ‘ concrete’ is “ Khrruk.” 
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A deposit of varying thickness (within three feet) and but small lateral extent, consist¬ 
ing of fine dazzlingly white sand finely laminated occurs in the alluvial bank of the Poorna 
at Paruth. It appears to be composed of comminuted or disintegrated crystals of felspars 
with a small admixture of clay. It did not appear to be formed of or to contain minute 
organisms, such as foraminifera, and was not elsewhere observed. 

Much of this Poorna alluvium produces efflorescences of salts, of soda chiefly, and in 
many places the wells sunk in it are brackish or salt. Over a wide tract on each side of the 
Poorna river, north of Akola and thence eastward towards Oomrawuttee, wells are 
specially sunk for obtaining common salt from highly saturated brine. 

Some of these salt wells near Dyhunda in the lands of Gunoree are from 120 to 130 
feet in depth or probably more. They are sunk through yellow clay, then redder clay, and 
below this a coarse sand or flue gravel from which the water issues with great force. They 
are lined with wicker work in order to preserve the pottery vessels, in which the water is 
raised by hand, from hi’eakage. The crystals of the salt are small and it is rather dirty, but 
during the “dhup kala” or hot season, it can be obtained whiter. The wells are numerous 
over the tract north of the river and some also occur to the south. 

That the alluvium of the valley is of considerable depth may be perhaps inferred from 
the absence of numerous exposures of rock, as well as from the depth of nullahs and height 
of the river cliffs. The conglomerate, as usual, occurs in its lower portions, but was observed 
in some places west of Patulla at different heights ill the sections exposed. Its constant or 
frequent occurrence beneath, the rest of the alluvium would not prove its being contem¬ 
poraneous in all places, as the trap rocks, upon which these deposits lie, cannot he presumed 
to have had a surface sufficiently even to have permitted this. 

Whether the whole of this alluvium was deposited in a lake, or by the river travelling 
from side to side of the valley under other conditions than at present obtain, does not appear. A 
former estuarine state of things may bo indicated by the salt-hearing gravels, or a large 
salt lake, but the even though interrupted surface of the alluvium is against the probability of 
its having been deposited by the Poorna under present conditions; while want of informa¬ 
tion as to the relative levels, obscures the possibility of determining whether tho rocky 
country about Edulabad may not have formed a natural bund flooding the country occupied 
by the alluvium; certainly the stream through most of this is sluggish, but it seems to he 
a rather strong assumption, that no greater fall than the height of the river banks where 
it enters this rocky tract—perhaps on an average not more than 30 feet—takes place within 
so great a distance as extends between this and the upper end of the alluvium, about or 
S. W. of Oomrawuttee. 

Good water is scarco in this district, in some places shallow ‘jhieries’* alone can be 
depended upon for a supply, the wells being brackish and even the river gravels furnishing 
brackish water if pierced to any considerable depth. A succession of dry years seems to 
have greatly reduced the usual supplies of water, and very many of the villages among tho 
hills to the north are deserted, it is Said, because the streams which supplied them formerly 
do not now furnish sufficient water. Not improbably the diminution in the supply has been 
caused by the wholesale cutting down of the jungles which covered the country before the 
period of the English Raj.f 

The hills and portion of the valley south of the Poorna river have been stated to consist 
of trap similar to that of tho Deccan; all the usual varieties of amygdaloid, zeolitic, 
columnar, hard, gray, and softer, ashy-looking traps occur, their stratification being very 
perceptible, and always nearly horizontal. 

* This name is applied to smalt excavations in the sandy bed of a river reaching the water which trickles 
beneath the surface and thus becomes naturally filtered. 

t Want of water is much eomxilained of at Chikulda. There seems to he no reason why the plateau to the 
■east of the bungalows should not allbrd a sufficient catchment basin for the station. As the trappean strata of the 
hill clip N. by W. at 5a, if wells were sunk, the north side of the plateau would he the position to choose with most 
probability of success. Near the bungalows however the plateau, if such it can be called, is very narrow, and affords 
a much smaller catchment area, yet even here the hill must contain strata which retain water as it issues from the 
rocky beds of nullahs, and one well immediately beneath the northern edge of the plateau, and at a considerable 
height upon the mountain side, is stated never to go dry. 
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About the Gawilghnr range on the north there is a constant dip at low angles in that 
direction, the lower part of the range being chiefly composed of amygdaloid and soft traps ; 
and hard basaltic beds occurring in greatest quantity among the higher parts of the hills, 
where such bands may be seen to course along the sides of cliffs and mountains for several 
miles ; a capping of the harder trap remaining here and there on top of an isolated peak or 
hill, while lower elevations around have less angular and more flowing outlines, being formed 
of the softer varieties of tbe trap. 

Occasionally along the base of this range, the beds have been thrown into wide curves 
with very gentle inclinations, tlieir axes dipping but slightly to the northward. 

Intertrappean beds are said to occur among the Gawilghnr hills; they were only detected 
in one place, and consisted of hard chert enclosing numerous shells : hut though near, this is 
not properly speaking within the Poorna valley. 

Perhaps the most interesting geological feature of this country is the occuiTenee of a 
great fault, with a down-throw to the south, which may he very considerable, as it shifts the 
trap downwards for some two or three hundred feet visible, added to an unknown thickness 
of the trap which is buried by it, so that trap, of what exact horizon cannot he stated, is 
brought, against the underlying Mahadeva or Bagh (Tanda)* sandstones. This fault crosses 
the country in an east and west direction, close to the foot of the Gawilghnr range north of 
EUichpoor, where the abrupt southern scarp of the range shows these sandstones, occupying 
the interiors of open curves in the trap like those just now mentioned. The difference of 
inclination between the sandstone and the traps is but slight, so that their unconformity is, as 
usual, not very strongly apparent, though it nevertheless exists ; the line of contact where the 
overlying traps rest upon the sandstone, is frequently difficult to see when close by it, though 
from a distance the difference of coloring and the bold projections of the sandstone outcrop 
mark it well. The sandstones are chiefly soft or coarse white and even-grained rock, which 
would doubtless make a good building stone. A large mass of these occurs in the lower 
portion of the group exposed; above them are conglomerates, other sandstones of similar kind, 
purple and black shales and flag-stones, variegated and white flagstones and shales, and then 
solid gray limestone with silicious or cherty nodules of peculiarly rugged aspect; these lime¬ 
stones in some places becoming so variegated as to form what if polished would doubtless be 
a handsome marble. 

In this group of Mahadeva or Bagh beds dips to the north of 10° and 15°, with others 
more nearly horizontal, may be sometimes seen; these becoming less as the sandstones finally 
disappear beneath the Gawilghnr traps to the north of the, cantonments of EUichpoor. In 
the river at Nurrlia, north-east of the latter place, the section is somewhat unusual. The 
ground here seems to have been intensely faulted, and instead of leaving the trap and passing 
over the fault on to sandstone at the base of the hills, trap is again found north ot the 
general line of fault; then occur several large dykes of another intrusive trap different from 
that usually met with, between which arc masses of the limestone, sometimes resting upon 
a conglomerate, and tilted in various directions at angles of 35° and 50.° Beyond this 
disturbed locality the next rock seen is sandstone, horizontal for some distance but soon 
overlaid and covered up from view by the unconfoimahle trap. 

In the flaggy portion of the Mahadeva or Bagh group, impressions of large plants 
have been observed, and in the shales and some of the limestones numerous small univalve 
shells. 

Fossils were known to have occurred north of EUichpoor, as mentioned by Dr. Bradley. 
These sandstones were known to tbe late Kev. Mr. Ilislop, but seem to have been erroneously 
considered inter-trappean. Lithologically they frequently recalled the appearance of the 
sub-trappeau cretaceous rocks of Bagh-Tanda and Rajpoor along the H utnoe river, &e., 
in the valley of the Nerbudda, and it was a disappointment not to find the same, or the 
same quantity of fossiliferous evidence here, the beds in both places being possibly, or 
probably, of the same age. 

Laterite occurs on the new road from EUichpoor to Oomrawutteeat a place called 
Bulgaon or Burgow, about six miles from the latter city. It is more properly a lateritic 
conglomerate of small pebbles cemented together by iron oxides. It lies horizontally, and has 

Bagh-Tanda is the name generally used by people when speaking of Bagh at a distance therefrom. 
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much the appearance of a re-composed rock, in many places quite incoherent, harder at the 
top and outsides than internally, and the pebbles are all red, bright purple or ferruginous, 
glazed outside and not recognizable as derived from any of the traps of the country, unless 
from their resemblance they might be taken to have come from one of the beds of red 
bole, which are not very uncommon; hut then there is no reason why if so derived they 
should not he intermixed with other trap pebbles. This has all the appearance of a local 
deposit, does not crop out in some natural excavations near at the same level, and appa¬ 
rently passes away underneath the cotton soil, but being horizontal or nearly so shows 
for a considerable distance along a sluggish stream which occurs here, occasionally vary¬ 
ing iu structure so as to become a mottled white and purple rock of some strength. 

In one place on the hank of this stream a little cliff shows the incoherent gravel 
resting upon a soft ferruginous bed, about 9 feet thick, with some lines like those of 
deposition. Beneath this are 5 or 6 feet of greenish-gray trappean mudstone, very splintery 
and breaking up into cubical forms so much that it is nearly impossible to obtain a fresh 
fracture; some harder parts seem calcareous, and have a fracture resembling that of compact 
limestone. The laterite may he traced for more than a mile in an east and west direction. 
Near Budja Kaira, on the larger river here, strong vesicular laterite undulates about 
horizontally, but does not continue down the stream. 

Again at Reethpoor lying to the eastward from Oomrawuttee, there is a quantity 
of laterite in low swelling undulations—with the usual appearance of lateritic ground, a 
ferruginous more or less smooth surface and occasional hard projecting knobs, but no good 
sections of the rock. 

At Chickulda (the hill station on top of the Gawilghur range frequented by people 
from Elliohpoor), the plateau upon which it stands and the surrounding summits have a 
strongly lateritic appearance such as may be seen at Matheran and other summits of the 
Western Ghiits. 

These indications of laterite, occurring as they do in situations where the uppermost 
beds of the trap series might he supposed to occur, may indicate a similar or nearly the same 
lateritic horizon, which is known to occur among the uppermost, if not actually on the top 
of, the Deccan traps along the Western Ghats. Otherwise they may be referrible to zones 
of ferruginous strata more specially lateritic than the layers of red boley trap referred to as 
occurring in this neighbourhood and on the Deccan plateau ; but their limited development 
and isolated character hardly afford sufficient grounds to reason upon with much probability 
of arriving at trustworthy conclusions. 

The cotton soil or black soil of the Poorna valley, although common enough, as is usual 
in these trappean districts, has no geological peculiarity here requiring attention. To its 
development, however, and the fertile nature of soils derived from the trap may he traced 
doubtless the name which this country has obtained as a cotton-producing district. 

On the Kuddapah and Kurnool Formations : by W. King, June., B. A. 

The rooks forming the greater parts of the Kuddapah and Kurnool districts in the 
Madras Presidency have been long known through previous explorers under the names of 
“ Diamond Sandstone,” “ Clay-slate Formation,” <fcc. They extend over such an immense 
area, and are found to be so complex in their stratigraphy and so diversified in their rela¬ 
tions, particularly among the lower and older groups, that their systematic survey is not 
yet quite completed, though some years have already been spent in their examination. Suf¬ 
ficient, however. is now known of them to warrant the giving a short sketch of this interest¬ 
ing series of rocks. 

The series consists of great thicknesses of quartzites (altered sandstones), slates, trap- 
flows and their associates, and limestones ; and these are found to constitute two (if not 
more) great and distinct formations. To the older, being so typically and largely exhibited 
in the Kuddapah district,* the name Kuddapah Formation has been assigned ; while the 
newer Kurnool Formation derives its appellation from the adjoining district over which 
it is so very well seen. 

* Kuddapah town itself is on shales and limestones of one of the groups in the newer formation. 
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The area of these rocks, from the Kistnah river down to Naggery Nose,* then- 
southernmost extremity, is about 13,500 square miles. The greatest thickness of each for¬ 
mation, as at present known, is:—Kubnools, 1,200 feet; Kuddapahs, 21,000 feet. 

The most interesting feature about these formations is that they are most probably 
representatives of the great VlSDHYAN series of Indian rocks. This conclusion has been 
arrived at from careful comparisons of typical rock-specimens from either series, and of the 
recorded observations made during the surveys of each. The Vindhyans have now been 
traced as far south as the Godavery river, where it traverses the district bearing its name ; 
and here they are so lithologically and stratigraphic-ally like the Kuddapahs and Kubnools 

on the Kistnah river, not very- far south, that there hardly remains a doubt as to the identity 
of the one with the other. 

The history of the Kuddapahs is still to be thoroughly worked out; and on this 
account, the present sketch will he more directly confined to a description of the Kubnools. 

There are, however, some well-marked and clearly made out features of the Kuddapahs 
which may in the mean time he adverted to. 

Both formations agree in this, that they are largely made up of buartzites, while 
limestones are sparingly developed in one and extensively in the other; but the Kuddapahs 

are distiuot in. showing strong groups of clay-slates, with one of which it may be necessary 
eventually to include the trap-flows and their associates referred to above. 

Supposing at present that all the quartzites, slates, &c., not included in the following 
description of the Kubnools, may be considered as of the Kuddapah Eobmation, 

it is then possible to give an idea of their locality in the great area of country occupied 
by this formation. 

The Goolcheroo hill-ranges south of Kuddapah, and their extension south-eastward 
down to Triputty and the Naggery hills, are made up of quartzite sandstones and conglo¬ 
merates ; while rocks of the same kind with bands of shite go to form the long range of the 
Eastern Ghats-pr Yellacondas lying between the Kuddapah and Nellore districts. The 
country south-east of Kuddapah, that is Ontaniitta, Chitwail, Pooluinpet, &c., 
withimthese mountain ranges, and that due north of it;—■fTullamullays, Budwail and 
Cumbuin, up to the Kistnah river, are also made up of like rocks of the same formation. 
The Gundicottah range of hills, north-west of Kuddapah, is likewise of these old 
quartzites, and the parallel ridges and valleys between that range and the Bellary district to 
the west, with their extensions right up to Jaggaruat-Oonda (hill), a few miles south of 
Kurnool, are of quartzites, slates and traps. 

These older rocks are interesting as being traversed, at rare intervals, by veins and 
strings of copper and lead ores, accounts of which have from time to time been given by 
writers on the resources of Kurnool and Kuddapah. Copper ore occurs very sparingly ; in 
fact, there are only traces of it, hut the sulphide of lead is more abundant. The workings 
for both were abandoned years ago; a state of things perhaps due to the difficulties 
in the way of living at, and working the mines, rather than to a failure in the ore. 
Traces of these ores are also known in the older crystallines or gneiss, of the remainder of 
the districts. 

With such a brief account of what is at present known of them, the Kuddapahs may 
be left for future description. 

Kubnools. 

This formation unfolds itself as a double series of groups of limestones and quartzites; 
the lowest beds of all being quartzites, as thus, in descending order:— 

1. Limestone group 

3. Quartzite group 

3. Limestone group 

•1, Quartzite group 

...{ 

...{ 

-{ 
...{ 

a. Calcareous shales. 
b. Limestones. 

a. Pinnacled beds. 
b. Plateau beds. 

a. Non-calcareous shales. 
b. Limestones. 

a. Massive beds. 
b, Pecs (containing diamond gangue). 

A peak of the Naggery range, about -iO miles W. N. W. of Madras. 
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These four groups are quite distinct, though conformable ; they generally overlap each 
other in some part of the field, and they lie, for the most part, very much as they were 
originally deposited, viz., in great flat basins with edges slightly turned up,* or in very flat 
undulations, from which, however, the upper limestones are always denuded, leaving the 
quartzites exposed. 

1st Gboup, Kiiooxdatb Limestones. 

The uppermost group lies nearly all over the wide Khoond-air (river) valley which 
stretches northwards from Kuddapah town, and over most of the Kuddapnh basin or southern 
extremity of this valley. There is a small outlier under the fort of Kurnool; while more 
of the same, rocks cover the eastern extremity of the Raicboor Donb. Again, a considerable 
detached area of these beds, with the other groups, occurs in the Palnad, or western taluqs 
of the Kistnah district. 

The rock coming to the surface,t especially in the Khoond-air valley, is not, however, 
always limestones; more generally, there are reddish-purple calcareous shales (occasionally 
cleaved), and these constitute the upper member of the group. For instance, the shales occur 
all up the middle, and very strongly at either end, of this great valley. They gradually shade 
down into the typical limestones of the group, which are dark-gray, more or less earthy, 
sub-crystalline beds; sometimes very massive and thick, oftener flaggy or easily split up 
into flags of 1—3 inches in thickness. The limestones are also occasionally more crystalline 
and compact, and cleaved to a certain estent, where folding or crushing of the beds has 
taken place, as along the eastern side of the Khoond valley. They of course show most 
along the skirts of the valley, as near Kuddapali, Podatoor, Dhoor, Cbagalmurry, 
Sirwel, and so on up to the banks of the Kistnah . 

2nd Gboup, Paneum Quartzites. 

Along the western side of the Khoond valley, the country rises very gently in a series 
of low long-sloping hills, with a few plateaus and undulations, which finally present an 
irregular scarp towards the Bellary district. These are the Gundicottah, Ramwarum 
and Paneum hills, whose surfaces, with the exception of the Gundicottah range, are made 
up of quartzites of the second group, which thus rises up from under the limestones of the 
Khoond valley. 

This is the only side of this part of the country over which these quartzites occur; 
they do not appear on the western side of the valley, for the group thinned out altogether 
in that direction, as well as to the north and south ; the sections among the turned up strata 
on this side showing the upper limestone group lying on the lower one without any inter¬ 
vening quartzites, as is the ease in the sections on the western side. 

Altered sandstones of the same group show rather strongly in the Kistnah district; 
where they are again, through the denudation of the tipper limestones, the superficial beds 
of the low hills in the south-west corner of the Palnad. 

The quartzites are of two kinds, quite distinct enough as features in the landscape, hut 
hardly sufficiently so to he referred to as separate members of a group. The upper variety 
is a thick-bedded, massive, compact, white sandstone, much vitrified, hut granular, and 
showing a very peculiar style of weathering into massive buttresses and pinnacles. The 
strata are generally horizontal, or at a very low angle, arid the steep-sided ravines and scarps 
denuded in these are often fringed with strangely picturesque masses of rock, or the slopes 
below the scarps are strewn with great fallen masses of the same beds. The high-road from 
Kurnool to Nundial passes over a plateau of those white quartzites, and the quaintly worn 
masses immediately remind one of some rocky coast from whence the rushing and tumbling 
waters have long since retired. 

Coarse sandstones and grits, with pebble beds, of dark colors, and in thinner strata 
are generally found subjacent to the thick, white, pinnacled quartzites, and are often alone 
without the covering of the upper beds. In such last cases, the remaining beds now form 
the summits of a number of flat-topped hills fringing the Koilkoontla and Banagan- 
pilly sides of the Khoond valley. 

* The subjacent Kudijapahs arc, on the contrary, turned up on end, convoluted, crushed, and faulted in the most 
varied way. 

t The Khoond valley is very extensively covered with cotton soil. 
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3rd Group, Jummulmuddagoo Limestones, 

Wherever the above group of quartzites has been cut through, it is seen to be resting 
quite conformably on a thick series of shales and limestones; occasionally the shales thin 
out and nearly disappear altogether, and then the quartzites look to he resting directly on 
gray limestones. 

These constitute the second limestone group among the Kuenools, and they are 
generally easily distinguishable from those of the Khoond valley. The shales are generally 
of a buff color and are never calcareous, while the purple shales of the upper group are 
always more or less so ; and again the limestones are as a rule more crystalline and compact. 
There are, it is true, just as earthy and flaggy beds to be found in the upper as in the lower 
group, hut such beds are less frequent in the latter, and they are arranged in definite 
succession. There is generally a three-fold series, thus:—at the bottom, compact, sub¬ 
crystalline gray, and some purplish beds, with a thin series of peculiar limestone breccias ; 
in the middle, thick, compact-splintery dark-gray and hlueish beds; and thirdly, pale and 
dark-gray compact, sub-crystalline and sub-eartliy, often flaggy, bods. 

The more crystalline and compact beds weather in a peculiar coralloid manner; the 
worn surfaces being so radiately furrowed, pitted, and concentrically terraced, that the rock 
seems to he made up of two or three different forms of coral; but close examination has 
failed to show any organic structure. This coralloid appearance is characteristic of any 
great show of these lower limestones, though the same feature is also seen every now and 
then in the upper group. 

This generally more crystalline set. of limestones is seen at intervals, along the eastern 
side of the Khoond valley, in a narrow belt of outcrop at or near the western base of the 
Nullamullays. Again, on the western side of the same valley in Koilkoontla and 
Banaganpilly. and in the valley between the low Nosoom ridge and the Guudicott.ak 
hills, and so further south, in the western part of the Kuddapah basin, where the Herjee 
quarries* have been opened up in the thin and compact beds of the group). 

In the steep western slopes of the Gundicot.tah, Ramwarum, and Paneum ranges 
of hills, these limestones again come to light and form a narrow continuous terrace below the 
vertical scarps of upper quartzites, all the way from the topis of the hills east of Tadpurthee 
(Bellary district), up to within 24 miles south-south-east, from Kurnool, when it spreads 
out in wide sheets between the lower and gentler undulating hills which are here sinking- 
down to the flat country of Kurnool, itself built on a further out-stretch of these same 
beds. 

Here, in Kurnool, the group has thinned out a great deal, but still there are the three 
varieties of limestones in their propter order: the canal being cut in thin flaggy upper beds ; 
the more crystalline strata cropping out between the canal and the village of Calloor ; and 
the thin grey compact sub-crystallines, though altered much by local igneous action, showing 
close under the western bastions of the town. Thence, with the exception of some slight 
denudation in the Toongabudra and Kistnah, these limestones extend northwards to a 
few miles beyond the latter river, in the Hydrabad territory. 

In the Palndd there is the limestone again in great force. It here prresents identical 
characters with those in Kurnool and Kuddapah, excepit that it. is more extensively 
cleaved ; and that the white and buff uon-calcareons shales are only seen to a small extent. 

4th Group, Banaganpilly Quartzites. 

Lowest of all of these strata comes another quartzite group which is interesting as 
including the beds from which only diamonds are known to have been extracted in the 
districts under description. 

Hence, if the old nomenclature of “ diamond sandstone,” or “ diamond formation” was 
to he employed in a classification of Madras rocks, it would have to be applied to the Kuk- 

nools, or one of the groups included in that formation. There is no case known of diamonds 
having been found in quartzites of the Ivuudapahs, or in fact in any other group of 

■ These quarries were opened, and are now extensively worked by E. W. Barnett, Esq., who has used the stone 
whenever practicable on the Madras Railway, and l'or the new Madras University and other public buildings in the 
Presidency. 
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quartzites but the one now described. It is not, however, advisable to employ a name to 
distinguish a formation, which is derived from what is evidently only an accidental attribute 
of the rocks ; while it is not certain that the diamond sandstones of Punna in Central India, 
which belong to the \ indhyan Series, are on the same geological horizon as the diamond¬ 
bearing beds in the KriiNoots. 

This group of quartzites is a generally thin series of coarse sands, grits, and pebble 
beds, of dark colors; the sandstones being in thick beds, while the grits. &c., are generally 
thin and sometimes flaggy. The pebble beds are full of small fragments of chert of various 
colors which are evidently derived from the slates and trappean beds of the Kuddafahs, on 
the up-turned edges of which they now rest. 

The relations and constitution of the group were first made out at Banaganpilly in the 
Kurnool district, where the long sloping hill which rises to the west of the town is faced 
with the quartzites* From this point the strata were traced to the west, on either side of 
the Puspulla valley, as another narrow terrace of nearly horizontal beds of not much 
thickness, below and continuous with the terrace of limestones of the second group, already 
referred to as lying below the western scarps of the Ramwarum and Faneum hills. 
Indeed, these lowest quartzites form the toe of these western slopes. 

The thin-bedded pebbly strata which are generally the lowest in the group seem to be the 
holders of the gangue, or shaly seams, in which the diamonds are found, but it is only at 
rare intervals in the exposed area of these pebble-heds that workings have been opened, which 
is partly accounted for by the fact that these seams of sandy and pebbly shales are only of 
local occurrence in the quartzites. The selection of working sites seems mainly to have 
been guided by chance, as the finding of a diamond by a cooly or shepherd, and the selection 
has been a lucky one in only some cases, for there are localities where extensive workings 
have evidently been carried on for centuries; while others have soon been deserted. The 
diamonds found at present are very small and not of much value, nor do the returns seem to 
have been any better for many years. The workings are of two kinds ; mines excavated in 
the strata, or pits sunk at various points in the recent deposits of debris, shingle, and gravel 
derived from the denudation of the quartzites.f The Banaganpilly workings are mainly 
mines, while the now deserted pits at Chennoor near K uddapah were in recent gravels. 

In the Pain ad,| there are again a set of altered sandstones answering to this group, and 
there too among these beds are frequent traces of old diamond workings. 

The lowest group of the Kurnool formation is always found to be resting unconform¬ 
ity on other quartzites, slates, and limestones ; and where it. is overlapped by the superincum¬ 
bent limestones, these in their turn are found covering the older rocks in the same way ■ in 
fact, there is not the smallest doubt hut that the four groups now described constitute a 
distinct formation separable by a great interval of time from the subjacent strata or the 
Kuddapah. ’ 

Both formations are totally devoid of any fossil remains, at least not a trace of evidence 
ol organic life lias been found in their strata, and in this they are like the Vindhyans which 
are as indicative of a period when there was no life. No more likely series of rocks for con¬ 
taining such remains could be imagined; and one is tempted again and again to examine 
lavourable localities, but always with no other result than some deceptive concretions or 
worm-like tracks, or the most perfect surface of ripplings in the sandstones. 

Neither can it he that fossil remains which may have once existed can have been so 
completely obliterated by the metamorphic influence to which these rocks have been exposed 
as to have left no trace behind; for whenever we have the originally sedimentary contri¬ 
bution of the rock apparently completely baked out of sight, as it were,—as in the case of 
pebble beds and the coarsest conglomerates, which, until they are weathered, are as uniformly 
granular quartzites as one could wish to see—, the various weathering influences have again 
revealed the original, constitution. s 

» The Banaganpilly diamond mines are sunk and worked on the slope of this hill. 

1 * ?J.ese ^•feposit.s are often quite outside the area of KtinoAruis and Kvmroois, and hence we occasional!,, 

the latterraoks 8 “ ^ of 8™ite, or gneiss, when they are supposedto^tederi^d from 

t R,may he as well to notice that the so-called Juggiapctt coal-field is a north-easterly extension of the , 
area, and the Juggiapctt rocks arc Ivuhnools and Kuddapahs which are not at all of a ooai-bearing character Pa nati 

E 
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There are deceptive appearances of organic structure, such as, minute concentrically 
laminated globular bodies, in some of the Kuddapaii rocks; the coralloid character of the 
Kurnool limestones; minute CypWs-like bodies in the upper limestones; the dendritrie 
crystallizations of the oxide of manganese in quartzites, limestones, and slates ; and lastly 
the cavities of clay-galls so frequent in the sandstones; but these of course are all referable 
to other than organic origin. 

Geological Sketch of the Shillong Plateau: by 11. B. Medlicott, 

P. G. S., Geol. Survey of India. 

The main features of the geology of the Shillong plateau, on the north-eastern frontier 
of Bengal, have been known for some time: cretaceous, nummnlitic, and younger strata, 
resting horizontally upon metamorphic rocks of various types, at an elevation of 4,000 
to 5,000 feet, and doubtfully related to extensive masses of trappean eruptive rocks. A brief 
opportunity has recently occurred of visiting the hitherto geologically unexplored western 
portion of the plateau in the Garo region; and also of re-examining the central portion, 
in the Khasia district, at a season rotten field work' was possible. A brief abstract of the 
results is here given in anticipation of the more detailed description. 

Eegarding the supra nummulitic rocks, which are very poorly exposed in the central 
region, little fresh information has been gained. From, the sandstone of Nongkalong on 
the western limits of the Khasia district, where it rests upon nummulitic limestone, Cap¬ 
tain Godwin-Austen has made a collection of fossils upon which l)r. Stoliczka remarks that 
“ none of the species, so far as recognizable, appear to be identical with those known from 
the nummulitic beds of the same district.” 

The nummulitic formation presents a total change in the character of the deposits 
from east to west: from being purely sandy and calcareous, they become almost entirely 
argillaceous. 

The doubtful horizon between the nummulitic and cretaceous formations has been 
worked out. The former does not overlap the latter; the northern outliers, so far as known, 
are all of the cretaceous deposits. 

The local order of the cretaceous deposits at Cherrapoonji is described. 

Many of the fossils collected have been identified by Dr. Stoliczka with forms occurring 
in the Ootatoor and Arrialoor groups of the upper cretaceous rocks of South India. In 
the small collection obtained, there were recognisable eleven forms of Cephalopoda, twenty- 
seven of Gastropoda, eleven of Lamellibrauehiata, three of Brachioqmla, and four 
Echinoidea. 

A very extensive formation of stratified eruptive rocks is exposed, unconformably over¬ 
laid by the cretaceous strata and resting in natural junction against a steep face of the 
metamorphic rocks along the south base of the plateau. It is fully 3,000 feet thick. No 
inter-truppean sedimentary rocks, nor any infra-trappean younger than the metamorphics, 
having been found, it is impossible to assign the age of this eruptive formation. It is pro¬ 
posed to call it the Sylhet Trap. 

Totally distinct from this is the Khasia Trap, so massively developed in the interior 
of the hills, associated with the younger metamorphics. It is probably hypo-synchronous 
with these, i. e., introduced (f formed) at the time of their main disturbance and meta- 
morphism. 

The granite occurring, both in large masses and in dykes, through the upper meta¬ 
morphics is younger than the Khasia Trap. 

The separation of the Shillong series (the upper metamorphics) from the Gneissic 
series, is conjectumlly indicated. 

The peculiar position of the plateau, between two great regions of disturbance, and the 
close relation of the stratigraphieal features with the south-eastern of these mountain-regions 
arc discussed as illustrative ot current opinions upon crust-movements. 
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The occurrence of a sharply defined terrace of older alluvium round the west base of 
the Garo hills, and corresponding with the well known Madhoopoor jungle deposits in the 
plains to the south, is noticed with reference to the changes that have atfected the delta of 
the great rivers. 

October 1868. 

On the occurrence of Gold in the district of Singbhdm, &c., by Val. Ball, Esq., 

Geological Survey of India. 

The existence of gold in the districts of the south-west frontier of Bengal and in the 
neighbouring tributary states has long been known. It is found not only in the sands of 
many rivers and streams, but in some instances it has been mined for in the alluvial and 
other superficial deposits. 

Colonel Haughton in his interesting memorandum ‘On the geological structure and 
mineral resources of the Singhbhum Division,* has given an account of the gold washing, 
and enumerated several localities where gold mining had been, or was, at the time of bis 
visits, carried on. He also quotes from a letter from Mr. Kobinson in which that gentleman 
states the results of his attempts to establish gold-mining under European superintendence. 

At Eohobe in Oodipur where operations were commenced and shewed some prospect 
of being fairly remunerative, the climate proved so “hot and unhealthy” that it was found 
that no European could live there, and the works wore given up. 

Colonel Haughton says that “ the metal was found some years ago in considerable lumps 
in the Sona Nuddee of Sonapet in Tamar on the northern extremity of Singhbhum, 

“ and much is still found there.” 

I have invariably found that the washers have traditions of nuggets having been found 
at intervals. 

Tho cases of the gold having been found in situ are undoubtedly rare. Colonel Haughton 
speaks of it occurring in (in situ?J “a little north of Assuntitlea in Khursowa,” 
hut further on he states “ I have not heard of any instance in which tho metal has been 
found attached to a stone, so that the former statement must only mean to imply that it is 
mined for in superficial deposits.” Dr. Emil Stoelir statesf that traces of gold were found 
in the copper ores of Singh hum. 

A Mr. Emerson was specially employed by the Singbhum Copper Company to investi¬ 
gate the gold resources of the country. Ho is said to have crashed a quantity of quartz 
and to have found traces of gold in it; but his operations do not appear to have been suffi¬ 
ciently successful to encourage him to continue. 

When in Chaibassa last April, I was shewn a small nugget of gold in a quartz 
matrix. It was said to have been obtained in the Kappergudee Ghat near Kalkapur 
in Dholbhum. 

It is not within the scope of the present paper to give a complete resume of all that is 
recorded on the subject, hut rather to give an account of what has actually come under my 
own observation in those portions of the districts which have been examined geologically. 

During the season of 1866-67, Mr. Ormsby and myself fanciod we were able to connect 
the occurrence of gold in the streams with the existence of certain submetamorphic rocks 
(magnesium and mica schists, slates and quartzites) which were then for the first time met 
with in M&nbhum. 

Being anxious to put this connection to as I'igid a test as circumstances would admit of, 
and wishing to define, if possible, the exact boundaries within which gold certainly exists 
and may ho reasonably looked for, I with some difficulty persuaded two gold washers (man 
* 

* J. A. S. li. XXIII, p. 103, 1851. 

n t 11 iff' Bemorkupgeii tiber don District Singhblium in Bencaien. Viortcl Jahrs'sclirift der Naturforschendeu 
Gesclschatt, Zurich, oth year, Part i, i860. 
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and wife) to accompany me during my examination of the remaining portion of the district 
of Manbhiim. They remained with me for upwards of three months, washing daily at 
such places as pointed out. 

One of the most interesting results is, that the existence of gold in the metamorphic 
as well as the sub-metamorphic rocks has been satisfactorily proved. This, from various 
reasons, I was not prepared to expect. Colonel Haughton, who speaks of the granitic 
gneissose rocks as igneous, states that, gold is never found in the streams traversing them. 
Again, the Natives, so far as my experience goes, do not wash in the sands, &c., lying on 
the metamorphic rocks, although they do not connect the existence of gold in the sands with 
the vicinity of any particular rock. 

In Manbhum, the experience of generations of washers has enabled them to define 
the boundaries within which washing is remunerative; and this boundary, it is interesting 
to observe, corresponds on the north exactly with that of the sub-metamorphic rocks.* This 
coincidence I ascertained in the following manner. On my arrival at Dulini (which is 
•situated on the faulted boundary of these two groups of rocks) when marching northwards 
from the lower part of Puttrum, the gold-washer asked to be allowed to return to his own 
country (Dhalbhiiin), stating that none of his race ever went north of Duirni. I induced 
him however to stop, and while we remained north of the fault the washings were carried on in 
the granitic gneiss area with comparatively poor, but not exactly barren, results. On the day 
I crossed the fault south of Sindaree, when returning southwards, the gold-washer said that 
we should after that find gold more regularly and in greater quantities than we had done 
since we came north at Dulmi. 

During the whole time, a record was kept of the daily results and of the nature of the 
rocks in which the washings were made. The following abstract will suffice for comparison 
of the productiveness of the two formations:— 

Su b-mcto.morphics. 

January, February. March. April. Total. 

Number of days on which wash¬ 
ings wei*e made 31 9 18 8 66 

Unsuccessful days 2 3 2 2 9= 3’6 per cent. 

Gold in grains 17-68 4*65 76 2-45 32-38 

Daily average in grains •57 •516 ■4 *3 Daily average for whole period 
= "46 grains. 

Metamorphics. 

January. February. March. April. Total. 

Number of days on which wash¬ 
ings were made 20 13 33 

Unsuccessful days 13 9 22 = 66 per cent. 

Total gold in grains ... 4-78 •7 548 

Daily average ... •23 •05 Daily average for whole period 
5-48 

“ 33 — '16- 

* A line drawn across the southern part of Jlanbhtim from Simlapal on the east through Burrabazar to a little 
north of Echaguvh on the west, roughly indicates the position of the line of boundary between the two formations. 
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Comparing these results by the number of successful days first, we may say, 
that for gold ^ producing, the submetamorphic rocks are to the metamorphics as 
(100—13'6=)S6'4 to (100—66=)34=2'5 : 1; comparing by daily average, the proportions 
become '46 : T6=q. p. 3 : 1. 

We may therefore conclude that the submetamorphics are between two and half and 
three times as productive of gold as the metamorphics, so that as the gold washers only find 
a subsistence from washing in the submetamorphic area, it is obvious that it would not pay 
them to work in the metamorphics. 

The greatest amount found on one day was 2'2 grains, but the daily averages given 
above should not be taken as indicative of the amount of gold to be found by a regular 
system of working where the washers would of course be set at favorable spots, and would 
not have to spend a considerable portion of their time daily, as was the case of the men I 
employed, in making marches before they reached the scene of their labours.* 

Various papers in the Asiatic Society’s Journal describe the methods of gold-washing 
practised in different parts of India. The instruments used, though essentially the same 
in principle throughout, have local peculiarities of shape, &c., and the manner of manipulation 
also varies. 

At He era Khundfthe same instrument and manipulation serve for the separation 
of both diamonds and gold. In fact the diamonds are found in the middle of the process, 
the iron sand with specks of gold being the final residue. 

In Manbhum and Singbhum the instruments used are perhaps more simple than 
those used in any other place. The dish measures 28" by 18", it is hollowed somewhat 
eccentrically to a maximum depth of about 2J inches. A scraper formed of a flattened iron- 
hook set in a handle, serves to collect the auriferious sand and gravel which accumulates in 
the angles of the rocks in the beds of streams. The dish when filled is placed in shallow 
water, and the operator working with his hands soon separates and throws aside all the 
coarser gravel and stones, while the agitation of the water serves to carry away all the mud 
and lighter portions. 

The dish is then balanced on the palm of the left hand and oscillated to and fro 
with the right; this serves to throw off the greater portion of the remaining "ravel, 
and the process is completed by a circular motion, which is communicated to file water 
in the hollow of the dish, by which even the smallest particles of foreign matter are 
separated, and the final result is a residue of black iron-sand in which the specks of "old are 
readily apparent. 

The gold-washers belong to the lowest and poorest races in the country, Gassees 
according to Colonel Haughton, but some of those which. I met with were a race of kurnars 
called Dokras. Their numbers have been greatly reduced by the famine; without exception 
they are all in the power of the Mahajuns, for whom they work at a low rate, and are never 
able to free themselves of the claims which the Mahajuns make on account of advances. 

The daily earnings of the gold-washers are small, hut might no doubt he increased, 
if it were not that they are always satisfied when enough gold has been found for procuring 
the day’s subsistence. r ° 

It is conceivable that the fact of the greater quantity of gold being found in the superficial deposits within 
the submetamorphic area might, be atttnbutahle to something in the configuration or elevation of the ground condu¬ 
cive to the greater accumulation of gold within that area. 1 could not however discover anything of this kind ■ the 
fall to south is gradual throughout both formations. J 6 ’ 

The origin of the gold which is annually found in the rivers at present is, I believe, twofold. A portion being 
directly derived f rom the rockB and the remainder resulting from the re-assortment of detritus which is the remauet 
oi suo-aenai acuou* 

,i i both formations, the evidences of extensive sub-aerial action are numerous and prominent, and it is obvious 
that nature has been carrying on gold washing operations in the valleys, since denudation first commenced to scoor* 
them out, leaving barriers of intervening ranges of liills formed of the hardest rocks between them. P 

t J. A. S. B. VIII. 1057, 1839. 
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Colonel H aught on says—“The Gassees can always reckon on earning from three to four 
pice per day. and I am assured that a vigorous man often gets as much as twelve annas, 
which, as the ordinary rate of field labour is about one pice, must be considered a very large 
sum.”* 

Mr. Robinson found in a trial which ho made at Roliobe in Oodipur, that men to 
whom he paid one anna could produce for him from threo to four annas worth of gold. 

Colonel Dalton states that the washers themselves regard it as a very poor trade, simply 
yielding they say pit bur (bellyful). 

Dr. fettehr in his paper on feinghbhum states that he found the average daily earning 
to be about 25 centimes (rather more than an anna and a half). 

The men I met with stated that they could earn about an anna a day and occasionally 
three or four annas. 

Taking into consideration the manner in which the gold is distributed through the 
superficial deposits of those districts, it would seem that the system of hydraulic mining, 
at present practised in California, is the one which would be most likely to be successful. 

In.;l recently published accountf of that system we leai'n that there is a company in 
California which supplies water to the miners at such a moderate rate that “ 350 miner’s 
inches ol water, with a head of ICO feet, will remove and wash 4,000 tons of gravel per 
diem, leaving a small profit on the working of stuff affording gold to the value of only three 
half peneo per ton.” 

In parts of the districts under consideration it would be hopeless to expect to obtain 
a. constant and sufficient supply of wafer with the necessary head-way: but there must be 
many places at the bases of the plateaux which rise towards the west, where the conditions 
would he peculiarly favourable. During the rains the number of such places would of coarse 
be vastly increased. 

simplest idea of this process, which seems so nearly to approach to perfection in 
California, is not, however, altogether unknown to the natives, Mr. Robinson saysj— 

* Another plan and a very remarkable one in which the people collect the gold is by drawing up 
small watercourses before the rains, so as to make places for a deposit of soil carried down 
by the water; this soil is cleared out several times and in it is found a large deposit of gold.” 

In the shallow diggings the hydraulic system would not of course be applicable, but even 
in them an increased field would undoubtedly result from supplanting the native’s disli by 
the Californian pan, rocker, long-tom and sluice. 

September, 1868. 

Memorandum on the wells now being sunk at the European Penitentiary, 

ANB AT THE SITE FOB. THE CENTRAL JaIL, HaZAREEBAGH, by H. B. MeDLICOTT, 

P. G. S., Geological .Survey of India. 

1. All the rocks of Ilazareebagh are of the most extreme metamorphic type, and are 
besides very irregularly arranged. It will, therefore, be at once understood that a question 
of water-supply, in which these rocks are concerned, is altogether beyond those simpler cases 
where a study of the sections might enable a Geologist to give an approximate positive 
judgment upon the source of water in any given position. The independent method 
being thus not applicable, I had to trust to the discussion of existing local experience, and 
the comparison ol' tills with the special cases proposed, with the following results. 

2. Hassareebagli is on an undulating upland. There is nowhere any strictly level 
ground; but the tops of the ridges are generally very Hat, and the slopes very gentle. It 

* J. A. S. B., 1851, p. 109. 

t Quar. Journal of Science, XIX, July 1868. 

t J. A. S. 13., 1851, p. 108. 
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is only in the immediate neighbourhood of the main stream-channels that rougher and 
steeper ground occurs, and also where rocks come to, or near to, the surface, whether on the 
slopes, or on the ridges. But even in this latter case, the summits of such ridges are very 
approximately on the same level as those where no rock is to be seen ; I regret that available 
information does not enable me to give figures. Over large areas, as in and about the Station 
and Cantonments, no rock whatever is exposed. From the few glimpses I was able to get 
in the upper part of unlined wells or in ditches, it would appeal' that such areas are formed 
of a dark stiff sandy clay, tinted with iron, and mottled with concentrated granules of the 
same in varying proportions. The greatest thickness I was able to observe ol' this stratum 
was 14 feet in a partially dug well, where the water level had not yet been reached; hut, 
no doubt, it locally attains greater dimensions. I could not fully satisfy myself, from an 
inspection of this clay, whether it is purely derived from the decomposition in place of the 
subjacent rock, or whether it he in some manner alluvial, a point that would hear importantly 
upon the under-ground distribution of the water. I incline to the former view; but, if 
correct, the rocks must be there unusually free from the quaffta-veins which occur so abun¬ 
dantly in the exposed rock sections, and which veins would remain in position and unaffected 
in the clay. This stratum forms a cold and retentive under-clay: the upper two feet or so of 
a paler colonv, where de- and re-composition lias further advanced, forms a slightly improved 
sub-soil, yielding at the surface a very poor soil. Where the iron and the sand are not in 
excess, the uiuler-clay forms an excellent brick-clay; the upper layer being lit for tiles. 
Below this clay, I am told, there comes suddenly an unknown thickness of incoherent sandv 
or gravelly material, in which the water runs freely ; hut from the very apocryphal descrip¬ 
tions I have received, I am quite unable to say whether this he a diluvial deposit, or merely 
disintegrated rock in place; what has been conjectured regarding the clay may show that 
I incline to the latter view: the evidence of any old heaps or of well-clearings is in favor 
of it. The greatly preponderating rock of the region is a finely granular hornblendio gneiss. 
From a list of measurements taken in 42 wells within Cantonments, and a partially contoured 
plan, both furnished to me by the Executive Engineer, I have made the annexed tabular 
statement, from which a few inferences may be gleaned. In none of these wells, that I 
could hear of, was anything like rock met with. 

3. It is remarked on the list that “ those measured in the evening have often been 
largely drawn upon, as No. 14 on the south side of the Plunge-bath. Early measurements 
for all would have been better, even if it had to he done on consecutive days ;”it would seem, 
however, that the discrepancies thus introduced may balance each other in the averages of 
the several groups ; but the data being thus not comparable, and there being no collateral 
information, one is left without a clue to an explanation of what may he only apparent 
anomalies ; such as Nos. 2(1 and 27, deep wells, exhausted, while much shallower wells in 
the same neighbourhood hold several feet of water. In all such statistics, the original 
depths to which the wells were sunk should be the measure given ; this ought to he in a 
permanent record and with it some attempt, however rough, to describe the materials cut 
through. All should, moreover, he easily referable to the level of the lowest drainage point 
of the region as a datum line. 

4. The table, contrary to what might have been expected, shows no decided advantage 
in the supply to wells at a lower level. 

5. There is a very marked advantage shown, as was of course to he expected, in an 
increase to the depth of the wells; there is at least 6 inches gained in the daily supply for 
every foot in depth below a certain point. I say daily supply, for I do not think that the 
depth of a well would affect its permanent level; thus Nos. 2 and 3 are within 70 yards of 
each other, neither was much in use; and although No. 3 is deeper by 8 feet 6 inches, there 
is only 1 foot 3 inches difference in the water level, and even this is in favor of the shallower 
well. From every consideration it is manifest to me that to have an unfailing supply of the 
best water in Cantonments, it is only necessary to sink a few feet lower than has been the 
practice, and, I might add, to adopt some less primitive mode of drawing water than that 
of hauling in buckets. Where there are oidy a few feet of water, this mode of raising 
makes it turbid and unfit for immediate use. Serious difficulty seems to have been felt in 
attempting to carry the wells even to their present depth ; hut I cannot find that any proper 
means have been tried lo overcome this difficulty, such as the. use of some method of shoring 
up the sides while the work is being carried on in triable, watery ground, and at the same 
time some means of nuwatering more effectual than the obstructive one of baling and 
hauling. 
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6. Several figures in the list show how safely the water is stored below ; how slowly, 
but surely, the supply recovers when drawn upon. These measurements were taken on the 
5tli of June, after a long season of drought. Dr. J. M. Coates, Superintendent of Jails, 
has kindly given me a statement of the rain-falls for the preceding months January, 0'26; 
February. 0’97; March, 0*64; April, O'O; May, 1*54; up to 5th June, 0’59. The scarcity 
was much felt, but it was not an extreme case. I am told that worse seasons have been 
experienced, still there were 13 and 20 feet of water in wells Nos. 2 and 3 at a depth from 
the surface of 26 and 27 feet. In other cases, as Nos. 6 and 14, a fair daily supply was 
renewed nightly. The stratum of clay can be but very slightly permeable to water, and 
can contribute little ; all the evidence goes to show that the water is lodged in the disinte¬ 
grated upper portions of the under-lying gneiss. The depth to which this decomposition 
takes place is variable according to the variety of the rock in different spots ; but it is 
generally very considerable, and in every case I would take that as the depth to which a well 
may be sunk with advantage. The moderate permeability of this rotten rock, as shown by 
the facts just quoted, suggests an alternative to the deep sinking which has been recom¬ 
mended as the best safeguard against scarcity : it would seem that wells may be sunk within 
80 to 100 yards of each other" without seriously affecting the daily supply in each within 
the limits of ordinary demand. 

7. In connection with the question here discussed, I would bring to notice an allied 
one of equal importance. In the 13 days following the 6th June there tell 14'43" of rain, 
and all the wells were filled to within a foot of, or were quite up to, the surface. This is 
their condition for months throughout the rainy season, after which they slowly subside to 
their minimum at the end of the ensuing hot season. Such a state of things will seem 
strange after what has been said of the configuration of the ground, that the surface drainage 
is ample in every direction; and that at no great distance the rocks outcrop in valleys much 
below the general level of the country, unless from artificial causes there is no surface 
lodgement, of water. It may seem stranger that it should be allowed to remain so. I have 
lately heard doubts expressed as to the reputed healthiness of Ilazareebaugh. Without in 
the least wishing to endorse such an opinion, against which there is much presumptive 
evidence, I may remark that, according to received notions, it seems like neglecting a means 
of improved healthiness to allow the water to be so near the surface. It may be said, and 
I am not prepared to deny the assertion, that so long as the water is even a few inches under¬ 
ground, it is innocuous; that it is only when allowed to stagnate on the surface that it 
becomes injurious ; if it be so, most of the ground would require no treatment, but there, 
would remain much to be done. When 1 passed through Hazareebaugh in the middle of 
November 1866, after we had many days of hot sunny weather, I noticed soft sludgy ground 
in many places, even within a short stone’s-throw of the barracks. At half-way down the 
slopes of the shallow hollows the water does ooze out, creating this boggy ground, so long 
as the general water level remains above the level of the channel. Surely this would come 
within the limits of the conditions to which the autumnal unhealthiness is attributed all 
over India. But here, not as in the cities of the plains, the remedy is easy; the most 
complete facilities exist for drainage of any required degree. Of drainage, such as is usually 
understood in India, Hazareebagh has had its fair share: the natural water channels 
and the cuts along the roadside, or elsewhere, are kept clear, but in such a sub-soil as that 
here the effect of this is imperceptible. Drainage to be effectual should be such “ thorough 
drainage” as a farmer would apply to similar land in Scotland, if he wanted to bring it 
under tillage. 

8. The Civil Station adjoins Cantonments immediately on the north-west, the ground 
being apparently slightly higher. Here, about the Zilla'h Jail, and in the grounds of the 
house occupied by the Superintendent of Jails, I saw some sections in unlined wells somewhat 
different from what would seem to be the rule in Cantonments, in so far as that the clay, 
which is of precisely the same character as elsewhere, is much less thick, not more than 6 to 
10 feet. The rock does not appear at the surface. Even here I could not satisfy mysell 
upon the mode of origin of the clay; there seems to be generally at the base a loot or so, 
in which coarse quartz debris is abundant and irregularly scattered. Here, however, it is 
certain that the water-yielding rock is the porous rotten gneiss, in which the wells are dug 
without any difficulty. It is often so loose as to crumble away and fall in. 

9. We may now come to the main object of our investigation. The European Peni¬ 
tentiary stands about three-fourths of a mile to north-north-east of Cantonments, and 
separated from them by a broad valley, some 40 feet deep, passing up to westwards, in which 
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direction the ridges are confluent. The site for the Central Jail is some few score yards be¬ 
yond the Penitentiary, on another minor branch of the same system of ridges. In both 
localities rock crops out freely in many places, and it might have been anticipated from the 
beginning that the well question would assume a very different aspect from that of any case 
within local experience. It were useless to moralise upon so common an occurrence as want 
of foresight, or to indicate its source in this particular instance. 

10. In the Penitentiary well there is no clay at top. After about 3 feet of coarse 
quartz gravel, mixed with red sandy earth, they come upon a run of largely crystallized 
granite (pegmatite) very irregularly associated with hornblendic gneiss. At first this mass 
was not difficult to be cut, although not nearly so soft as the rotten rock already spoken of, but it 
rapidly became harder, and at about 20 feet blasting had to be resorted to. All effects of 
decomposition from surface atmospheric influence having ceased, the. stone showed its true 
characters of intense hardness and complete impermeability. The arrangement of the 
bedding, if, indeed, it be true bedding, in this short shaft is exceedingly irregular, at one 
spot apparently dipping to the north, and at another to the west. In the hard rock at base 
there are some well marked joint planes showing large flat surfaces nearly vertical, but these 
joints do not seem to be available for the percolation of water; the few leakages that occur 
are from points in the indefinite cracks that traverse the stone discontinuonsly without any 
system, and generally where there is a film or layer of partially disintegrated rock. Near 
the base of the shaft another vein of granite like that at top, but thinner, traverses the 
gneiss irregularly at a low average angle, but here it is firmly i lited with the containing 
rock, the same even surface of fracture passing indiscriminately through both. I waited for 
several days to have this well emptied, but the water was still knee-deep at my last examina¬ 
tion. I do not consider that I have lost any evidence of importance. 

11. From the accounts I have received, there would seem to be some prospect of 
immediate success. I am informed by Dr. Coates that a few days before the work closed at 
the end of the hot season, he made a rough measurement of the leakage water, and found 
it to be about 40 gallons per hour, nearly 1,000 per day. I confess that this surprises me 
much : the excavation then wras at about the level the water stood at when I saw it last, and 
the leakage did not seem to me any thing like so much, although the time of year was so 
much more favorable, and the well had just been emptied by double gangs of men working 
day and night. Subsequent to that measurement, the last few blasts put into the rock 
disclosed one or more layers much softer than any met with for some yards above, and from 
which water flowed in much greater abundance than from any of the higher points. Unfor¬ 
tunately the rains put a stop to the work before this ground could be fully proved. The only 
symptoms I could detect of these sources was that, in walking about through the water, 
I felt at two or three spots a very appreciable warmth under my feet. The first thing to lie 
done now is fully to test this ground. Five or 6 feet mere of cutting ought to prove what 
it is worth. But a large margin ought to be left above any measurement made now for the 
diminution that may be expected in the dry season. 

12. There can, of course, be no doubt of ultimate success; accumulated drippings will 
at last yield the required supply. But this must remain matter of experiment. No one 
but a diviner would venture to predict at what point success would be attained in rocks like 
these. There is, however, an evident choice as to the direction in which these contributions are 
to be sought. That word “ spring” has a great deal to answer for: most men seem to think 
that water comes from the bowels of the earth, whereas in 99 out of 100 apparent cases 
the source is from above. The only available, and the only known, source of water here is 
the one already pointed out, the porous mass of disintegrated rock at the out-crop under 
the clay. This being the case, I would decidedly recommend, in the event of the next few 
feet in depth not giving the required supply, that the vertical shaft be changed for a nearly 
horizontal drift. The chances are almost all in favor of this plan, and there is here the 
ultimate certainty of tapping the source itself in the most effectual manner from below. 
In the vertical shaft there is no doubt the chance of contributions from every side, while in 
the drift we must select the most likely direction, but I am in favor of this attempt. There 
are two elements for consideration, the structure of the rocks, and the lie of the surface. 
From what has been seen of the rocks in the Penitentiary well, there is little or no room 
for choice; they have no definite arrangement. The most frequent run of the rocks in this 
neighbourhood is about north-north-west* and so the most likely line to cut them would be 
at right angles to that direction. The primd facie view of the second condition would 

c 
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suggest to make straight for the nearest point of the slope of the ridge, but it must be 
modified in this case. I have carefully examined the line of the surface, and should con¬ 
sider that course to be unsafe; the slope to the south is too near and too rapid. The ground 
from which a supply is to be expected lies to the west and west-south-west. I would recom¬ 
mend that the drift be cut to west-300-south, with a rise of 1 in 20. This direction, too, 
would approximately suit the probable run of the strata. 

13. There is at least one advantage in having the well in solid rock ; it may be left 
with its present full width, and only cased for 20 feet or so from the surface. I would 
recommend that this be done at once; and that the pump, by which it is to be hoped the 
future water-supply is to be raised, be put in position now. In such a well, too, the work 
can be continued at any time as well as at first, should a season’s trial prove the supply to be 
insufficient. 1 would not, however, let this be an excnse for an incomplete job at first; the 
failure would, of course, occur in a season of extreme drought, and might be seriously felt. 
But, indeed, the energy of Dr. Coates has provided an excellent resource for a time of such 
need, by converting the unsightly and doubtfully salubrious ravine in front of the Peni¬ 
tentiary into a most picturesque lake of deep water. A very little care on the part of the 
authorities can prevent any possibility of its becoming unwholesome. 

14. The case of the Central Jail well is quite analogous to that of the Penitentiary, 
but a little more puzzling. Here too, however-, I would recommend the prosecution of the 
work. I believe that success can be secured at a much less cost than would be entailed by 
abandoning the site upon which preparation and work has been already so far expended. 
At top there were 6 to 8 feet of red gravelly earth, resting on the edges of the strata, 
which are thoroughly disintegrated for 3 to 4 feet passing down into much firmer rock. 
Unlike in other wells the beds here have a steady dip of 4Cr to nortlr-35°-west. At a depth 
of 30 feet on the rise, and 38 on the fall, an intensely hard rock was encountered, in which 
the work now stands at 40 feet. This well also had just heen unwatered; and considering 
this, and the time of year, the leakage appeared to me to be very' trifling. The last rock 
cut in this well is exceedingly' unpromising ; the large surface of it now exposed does not 
show a single crack or crevice. It breaks with sharp edges and large eonchoidal fracture : 
it is a fine grained mixture of hornblende quartz and felspar thoroughly crystallized ; super¬ 
ficially it might be described as a granitic diorite; but geologically it must come under the 
genus gneiss, as it seems to be strictly in the bedding, and to be simply an exaggerated form 
of the fine foliated homblendic gneiss of the district. A correct knowledge of this rock 
would greatly help a decision regarding the well; but very little can be discovered; there 
is no out crop of it to be found. On the other side of the Penitentiary, at the edge of the 
upper lake, on exactly similar rock is exposed for fully 10 yards across its strike. Thus in 
the well shaft there is a prospect of having to cut through an indefinite thickness of perfectly 
barren rock, and of the most difficult nature. The same obstacle affects the consideration of 
a drift. In this position, also, the condition of the surface is of dominant importance on 
account of the rapid fall in certain directions. The most likely direction for a drift to inter¬ 
cept an abundant supply of water would be about due south, but this would take it into 
the same rock, and even for a greater thickness than in the shaft, the cut being oblique both 
to the strike and the dip ; here, however, there would be the prospect of its becoming softer 
at every step. I have no doubt of this being the safest course. The lower the inclination 
of the drift, the hotter the chance. I would not advise a greater slope than would ensure 
the flow of water to the shaft. By cutting the drift to northward, it would run towards a 
convex bend of the ridge, and success would not be so secure ; but the obnoxious rock (at 
least this bed of it) would be avoided. 

15. There is one well in a position to be compared with these. The well for the 
Police Barrack stands nearly centrally on the ridge of which the new buildings occupy pro¬ 
longations : it is 470 yards to west-18°-nortli from the Penitentiary well (the distances are 
taken from a plan lent, to me by Colonel Dawson) and 1 foot 9 inches higher; the same well 
is 700 yards to south-42°-west from the Central Jail well, and 4 feet 6 inches above it. 
It is 30 feet deep. I have had very different accounts of this well: like all the others, it 
fills to tlie brim in the rains, and some say that it has a constant supply, the demand upon 
it not being very great; while others declare that it fails ; that in the hot weather people 
living along side it fetch water from a considerable distance in the hollow. Some measure¬ 
ments of these three wells are given in Table II. The water in the two new wells on the 
10th October was probably below what they had contained at their fullest; but even that 
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quantity shows that on the 19th June, when every other well in the place was at its full, 
these were still at least 10 and 6 feet below their minimum height, an indication of the slow 
and circuitous percolation by which they are fed. 

I have made this report rather long, but I thought it best to omit nothing that might 
give information. 

23rd November 1868. 

Table I. 

Table of depths of Water and of Wells in Cantonments as measured on the 5th June 

1868, just before commencement of the rains, grouped according to levels of sites. 

Over Between Between 
88' CONTOUR. 88' and 84' 84' AND 80' 

Number of 
Well. 

Depth Depth Depth Depth 
Remarks. 

Of Of Of Of Of Of Of Of 
Water. Well. Water. Well. Water. Well. Water. Well. 

1 7-6 37*0 
2 13-0 38*9 Within 210 feet of No. 3. 

3 20’1 47*3 These two wells were little used. 

4 7*5 32*6 
5 5*1 35*3 
6 1*3 32*5 Much used. 

7 1-4 19*8 

8 3*0 17*75 
9 7-0 37*3 

10 91 40*3 
11 29 35*5 
12 5*0 34*5 

13 3*3 32*5 ... 
14 2*0 38*0 ... Much used. 

15 6*9 30*25 

16 7*0 35*5 
17 77 311 ... 
18 i*8 20*5 

19 3*0 30*0 ... 
20 1*5 39*5 
21 7*5 36*6 

22 5*2 31*8 

23 6*5 32*5 

24 2*0 25*0 

25 3*25 27*25 

26 03 34*25 

27 0*3 31*25 

28 2*5 33*5 

29 4*5 33*5 

30 3*0 25*0 
31 1-4 19*0 

32 ... 4*3 24*3 

33 10 290 ... 
34 6-2 38*2 
35 22 24*2 
36 6*4 32*4 
37 9*2 40*2 The four last are within a radius 

38 4*6 35*6 of 180 feet. 

39 6*0 28*5 
Within 80 feet of No. 39. 40 0*0 21*0 

41 7*2 32*2 
42 o-o 29*0 ... The five last are within a radius 

Of 256 feet. 

79*5 442*8 43*0 304*0 10*7 104*55 45*45 379*70 

Mean of 13 
„ of 10 

6*4 34*0 
4*3 30*4 

Nos. 3 and 40 are omitted as 
exceptional. 

„ of 4 
„ of 13 -• 

2*7 261 
3*5 29*2 
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Table II. 

Table of measurements in the new Jail Wells. 

Depth of Depth of Water Depth of Water 
Well. on 19th June. on 10th October. 

feet. feet, inches. feet, inches. 

A. Police Well . 30 28 0 22 6 

B. Penitentiary, 1' —9" below A. 66 38 0 43 6 

c. Central Jail, 4'- -6" „ „ . 39 21 6 31 0 

Meteohites.—To the collection of Meteorites in the Geological Museum, there have 
been two valuable additions during the past three months. One of these, a specimen of 
the very interesting fall which occurred on the 11th July 1868, at Omars (Doubs), in France, 
has been presented by M. Jules Marcou, Paris. It is a remarkable stone of a dark-grey 
colour, oolitic or sub-oolitic in texture, very friable, so as even to crumble under the action of 
the fingers. Iron is present in extremely small particles. It is veiy slightly magnetic. 
In fact, the fall represents a state intermediate between the ferruginous and the non-ferru- 
ginous falls, sp.gr. 3‘599 (in fragments). It yielded to Pisani by analysis no less than 
7510 per cent, of Peridot. To the kindness of my good friend M. Marcou I am indebted 
for this interesting specimen. 

The second fall occurred in India, near Mooltan, on the 17th October. The fall took 
place at a spot about 12 miles east of Lodran. “ About 2 P. H. a loud report was heard 
“ in the sky to the westward, and immediately a cloud of dust rose from the ground. On 
“ going to the spot the aerolite was found. The sky was quite clear at the time.” This is 
the account given by Captain Bond, District Superintendent of Police. 

A portion only of the mass was obtained and forwarded. It is a very beautiful stone, 
consisting of a large proportion of bright yellowish green olivine, the crystals of which are 
imbedded in a kind of crystalline net-work of brilliant iron. The stone is at present being 
analyzed, and the result will be given hereafter.—T. 0. 

ACCESSIONS TO LIBRARY. 

From 1st October 1868 to 31st December 1868. 

Titles of Rooks. Donors. 

Beneden, van and Gekvais, Paul.—Osteographie des Cdtaces vivants et fossiles, comprenant 
la description et l’iconographie du squelette et du systdme dentaire do 
ces animaux uinsi que des documents relatifs a leur histoire naturelle, 
Liv. 1. and Atlas, 4to. and Fob, Paris, 1868. 

Biqsby, J. J.—Thesaurus Silurians. The flora and fauna of the Silurian period, 4to., 
London, 1868. 

Chantee, E.—E’tudes paleo-ethnologiques ou recherches Geologico-archeologiques sur 
1’industrie et les moeurs de l’homme des temps ante-historiques dans 
le nord du Dauphind et les environs de Lyon, 4to., Paris and Lyon, 

Congres international d’anthropologie et d’arclieologie prehistoriques, Liv. 1, 8vo., Paris, 1868. 

D’Alton, Dr. E., und Buemeister, Dr. H.—Der fossile gavial von Boll in Wurttemberg 
mit bezugnahmc uuf die lebenden Krokodilinen naeh seiner gesamnten 
organisation Zoologish gesehildert, Fob, Halle, 1854. 

Elliot, Sir 11.—History of India, Vul. 1, 8vo., Loudon, 1868. 
Government or India. 
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Titles of Books. Donors. 

Erdmann, A.—Expose des Formations Quaternaires de la Suede, Text and Atlas, 8vo. and 
4to., 1867. 
Directeub-in-Chef de la Recherche Geologique de la Suede. 

Folin, L. de.—Les Meleagrinieoles, especes nouvelles, 8vo., Havre, 1867. 

Heer, Dr. 0.—Flora fossilis aretica. Die fossile flora der polarlander, 4to., Zurich, 1868. 

Lartet, E., and Christt, H.—Reliquire Aquitanicre, Pt. VI, 4to., 1868. 

Lindenschmidt, Dr. L.—Die Alterthiimer unserer heidnischen Vorzeit, Bd. II, Hf., 8, 9, 
4to, Mainz, 1868. 

Marcou, Jules.—Notice sur les cartes geologiques de Victoria (Australie) et des iles Britan- 
niques, 8vo., Paris, 1868. The Author. 

Mayer, Charles.—Catalogue systematique et descriptif des fossiles des terrains tertiares 
qui se trouvent au musee federal de Zurich, III, 8vo., Zurich, 1868. 

Paladilhe, M.—Nouvelles Miscellanoes malacologiques, Fasc. Ill, 8vo., Paris, 1868. 

Pfeiffer, Dr. L.—Monographia heliceorum viventium, Vol. V, 8vo., Lipsise, 1868. 

Pictet, F. J.—Materiaux pour la paleontologie Suisse, ou recueil de Monographies sur les 
fossiles du jura et des Alpes, Ser. V, I, 4to., Geneve, 1868. 

Pictet, F. J.—Melanges paleontologiques, Liv. 4, 4to., Geneve, 1868. 

Reinwald, W. C.—Catalogue annuel de la Lihrairie Francaise, 8vo., Paris, 1868. 

Smith, R. Brough.—Mineral Statistics of Victoria for the year 1867, Fol. Melbourne, 1868. 
Office of Mines, Victoria. 

Veeneuil, E de, et Loriere, G. de,—Description des fossiles du neocomien superieur de 
Utrillas et ses environs (province de Teruel), 4to., Paris, 1868. 

"Websky, Dr. M.—Mineralogische Studien, Theil. I, 4to., Breslau, 1868. 

Zigno, Bar. A. de,—Flora fossilis formationis Oolithicie, Pt. V, Fol., Padova, 1868. 

Periodicals. 

American Journal of Science and Arts, Vol. XLV, No. 136, 8vo., New Haven, 1868. 

Annales des Mines, Ser. VI, Tom. XIII, Liv. 2, 8vo., Paris, 1868. 
L’Administration des Mines. 

Annals and Magazine of Natural History, 4th Ser., Vol. II, Nos. 9, 10, 11, 8vo., Loud., 1868. 

Arcliiv fur Naturgeschichte, 32nd year, Vol. II, 8vo., Berlin, 1866. 

Engineer’s Journal, New Ser., Vol XI, Nos. 10, 11, 4to., Calcutta, 1868. 

Geological Magazine, London, Vol. V, Nos. 9, 10, 11, 8vo., Lond., 1868. 

Journal de Conchyliologie, 3rd Ser., Tom. VIII, No. 4, 8vo., Paris, 1868. 

Journal of Travel and Natural History, edited by A. Murray, Esq., Vol. I, No. 5, 8vo., 
Lond., 1868. 

Neues Jahrbueh fiir mineralogie, geologie und pakcontologie, Hf. 5, 6, of 1868, 8vo., 
Stuttgart, 1868. 

Novitates Conchologicm, Abth. I, Lief. 31, 32, and Snppl. Ill, Lief. 12, 13, 4to., Cassel, 1868. 

Palajontographica, XVI, 6, XVIII, 1, 2, 3, 4to., Cassel, 1868. 

Petermann, Dr. A. Geographischc Mittheilungen, 7, 8, 9, 10, of 1868 and Suppl. 24, 4to., 
Gotha, 1868. 

Professional Papers on Indian Engineering, Vol. V, No. 21, 8vo., Roorkee, 1868. 
Major J. G. Medley, R. E. 

Quarterly Journal of Microscopical Science, New Series, No. XXXII, 8vo., London, 1868. 

Quarterly Journal of Science, No. XX, 8vo., London, 1868. 

Records of the Geological Survey of India, Vol. I, No. 3, 8vo., Calcutta, 1868. 
Geological Survey of India. 
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Titles of Books. Donors. 

Revue universelle des Mines, de la metallufgie, des traveaux publics, des sciences et des arts 
appliques a l’industrie, Tom. XXIII, et XXIV, Liv. 3, 4, Royal 8vo., 
1868. 

Government Selections, &c. 

Bengal.—Annual report on the administration of the Bengal Presidency for 1867-68. 
Government of Bengal. 

„ Report of the Meteorological Reporter to the Government of Bengal for the 
year 1867-68, with a meteorological abstract for the year 1867. 

Government of Bengal. 

Bombay.—Report on past famines in the Bombay Presidency, compiled by Lieut, Col. 
A. T. Etheridge. Government of Bombay. 

„ Selections from the records of the Bombay Government, New Ser., No. CVIII. 
Papers relating to the introduction of settlement rates into fifty-three 
villages of Kukkur Talooka of the Shikarpoor collectorate in the 
province of Sindh. Government of Bombay. 

British Burma.—Annual report on the administration of the province of British Burma 
for 1867-68, by Col. A. Fyteke. Chief Commr., British Burma. 

Civil justice report, 1867. Extract from the Proceedings of the Chief 
Commissioner, British Burma, in the Home Department, No. 85. 

Chief Commr., British Burma. 

)( Education report of British Burma, 1867-68, by P. Hordern, Esq. Ex¬ 
tract from Proceedings in Home Department, No. 277 A. 

Chief Commr., British Burma. 

Report on the trade and customs of British Burma for 1867-68. 
Ditto. 

Extract from the Proceedings of the Chief Commissioner in the Home Department, 
No. 241. Public health and births and deaths, 1867-68. 

Ditto. 

Central Provinces.—Report on the administration of the Central Provinces for the year 
1867-68, by J. II. Morris, Esq. Govt., Central Provinces. 

India.—Adam’s reports on vernacular education in Bengal and Behar, edited by Revd. 
J. Long. Govt, of India. 

Report on the administration of the Hydrabad Assigned Districts for the year 
1867-68, by C. B. Sanders, Esq. Govt, of India. 

Selections from the records of the Government of India, Home Department. 
No. LXIV. Reports on the coal resources and production of India. 

Govt, of India. 

„ Statistical committee forms, to accompany the annual report of the province of 
Oudh. Govt, of India. 

Geographical and statistical report of district Moliamed Khan s landa, of the 
Hyderabad collectorate, province of Sind by Capt. D. Macdonald. 

Surveyor General. 

Madras.—Selections from the records of the Madras Government, No. IX. Report on 
vaccination throughout the presidency and provinces of Madras in 
the year 1867. Govt, of Madras. 

Mysore.—Report on public instruction in Mysore for the year 1867-68. 
Chief Commr. Mysore. 

„ Mysore statistical returns, 1867-68. Ditto. 

„ Report on the administration of Mysore for the year 1867-68. Ditto. 

„ Report on the revenue administration of Mysore for the year 1866-67. Ditto. 

„ Annual report on the administration of Coorg for 1867-68. 

Report on public instruction in Coorg for 1867-68. 

Ditto. 

Ditto. 



PART 1.] Accessions to Library. 23 

Titles of Books. Donors. 

N. W. Provinces.—Report on the administration of the North-Western Provinces for 
1867-68. Govt, of N. W. Provinces. 

„ Report on past famines in the North-Western Provinces, by C. E. R. 
Girdlestone. Govt, of N. W. Provinces. 

„ Selections from the records of Government, North-Western Provinces, 
2nd Ser., Vol. I, No. 2. Govt, of N. W. Provinces. 

Punjab.—Annual report on the meteorological observations registered in the Punjab, by 
A. Neil. Govt, of Punjab. 

„ Hand-book of the economic products of the Punjab, with a combined index and 
glossary of technical vernacular words, Yol. 1. Economic raw pro¬ 
duce, by B. H. Powell. Govt, of Punjab. 

„ Report of the Inspector General of Dispensaries in the Punjab for the year 1867. 
Govt, of Punjab. 

Punjab.—Report on the administration of criminal justice in the Punjab and its depend¬ 
encies during the year 1867. Govt, of Punjab. 

„ Report on the sanitary administration of the Punjab for 1867. 
Govt, of Punjab. 

Transactions of Societies, &c. 

Been.—Jabrbucb des Schweizer Alpen-club. Jahr. IV, with 5 maps, 8vo., Bern, 1868. 

Berlin.—Zeitschrift der Deutschen Geologischen Gesellschaft, Bd. XX, Hf. 2, 8vo., Berlin, 
1868. German Geol. Society. 

Boston.—Memoirs read before the Boston Society of Natural History; being a new series 
of the Boston Journal of Natural History, Yol. I, Pt. III., 4to., Bos¬ 
ton, 1868. 

Calcutta.—Journal of the Asiatic Society of Bengal, Pt. I, No. 2, 8vo., Calcutta, 
1868, Pt. II, No. 4, The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 9, 10, 11, 12, 8vo., 
Calcutta, 1868. The Society. 

California.—Geological Survey of California, Paleontology, Vol. II, Sec. I, Pt. I. Tertiary 
Invertebrate Fossils, Plates, Roy. 8vo., California. 

Dresden.—Sitzungsberiehte der naturwissenschaftlichen Gesellschaft, Isis, in Dresden 
Jahr., 1868, Nos. 4—6, 8vo., Dresden, 1868. The Society! 

„ Verhandlungen der Kaiserlichen Leopoldino-Caroliniscben deutschen Akademie 
der Naturforscher, Vol. XXXIV, 4to., Dresden, 1868. 

The Academy. 

Dublin.—The Journal of the Royal Dublin Society, No. 37, 8vo., Dublin, 1868. 

.. The Society. 

Konigsbebg.—Schriften der Koniglichen physikalisch-Okonomischen Gesellschaft zu Kon- 
igsberg, Vol. VIII, Abth. I, II, 4to., lvonigsberg, 1867. 

Lausanne.—Bulletin de la Societe Vaudoise des sciences naturelles, Vol. IX, No. 69, 8vo., 
Lausanne, 1866-68. The Society. 

London.—List of the Fellows of the Royal Society, 30th November 1867. The Society. 

„ Philosophical Transactions of the Royal Society of London for 1867, Vol. 167, 
Pt. II, 4to., London, 1867. The Society! 

„ Proceedings of the Royal Society, Vol. XVI, No. 104, 8vo., London, 1868, 
and Vol. XVII, No. 105. The Society. 

„ Journal of the Society of Arts and of the Institutions in Union, Vol. XVI, 
Nos. 820—29, 8vo., London, 1868. The Society. 

„ Journal of the Royal Geographical Society, Vol. XXXVII, with maps, 8vo., 
London, 1867. The Society. 
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Titles of Books. Donors 

London.—Proceedings of the Royal Geographical Society, Vol. XII, No. 5, 8m, London, 
1868. The Society. 

„ Proceedings of the Royal Institution of Great Britain, Vol. V, Pts. Ill, IV, and 
List of the Members, Officers, and Professors, 8vo., London, 1868. 

The Institution. 

„ Quarterly Journal of the Geological Society, Vol. XXIV, Pt. Ill, No. 95, 8vo., 
London, 1868. The Society. 

Moscow.—Bulletin de la Societe imperiale des naturalistes de Moscou, Tom. XL, Nos. 3, 4, 
8vo., Moscow, 1867. The Society. 

Paeis.—Bulletin de la Societe Geologique de France, 2nd Series, Tom. XXV, Nos. 2, 3, 8vo., 
Paris, 1867-68. The Society. 

Philadelphia.—Journal of the Franklin Institute, Vol. LIV, No. 1, and Vol. LV, No. 6, 
Vol. LVI, Nos. 1, 2, 3, 8vo., Phil., 1867-68. The Institute. 

St. Louis.—Transactions of the Academy of Sciences of St. Louis, Vol. II, No. 3, with 
plates illustrating papers, 8vo., St. Louis, 1868. 

St. Peteesbueg.—Bulletin de l’Academie imperiale des sciences de St. Petersburg, Tom. 
XIII, Nos. 1, 2, 4to., St. Petersburg, 1868. 

Wien.—Denkschriften dor Ivaiserlichen Akademie der Wissenschaften, Mathematischen 
Natui-w. Classe., Bd. XXVII, 4to., Wien, 1868. 

The Academy, Vienna. 

„ Sitzungsberichte der Kaiserlichen Academie der Wissenschaften, Bd. LVI, Abtli. I., 
7—10, and Abth. II, 8—10, 8vo., Wien, 1867. 

The Academy, Vienna. 

Map. 

Floetz Karte des Niederrheinisch Westfitlischen-Steinkohlenbeckcns (Sections Herdecke, Lan- 
gendreen, Herzkamp,) Fob, Berlin, 1868. 
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Annual Repoet of the Geological Suevey of India and of the Museum of 
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In reporting the progress and doings of the Geological Survey of India during the year 
1868, I shall take each branch of our labors in the same order as I have for the most part 
observed on former occasions. 

Mr. W. T. Blani'ord has, during the whole of the year just past, been engaged with the 
Abyssinian Field-force, and since its return in arranging and examining the largo collections 
he made during the expedition. Mr. Orrnsby was compelled to leave for Europe early in 
the year, having suffered from exposure to the tropical sun. And Mr. Charles Oldham left 
on furlough in November. On the other hand, Mr. Tween returned to his duty in charge of 
the Museum here. Mr. Foote resumed his labors in Madras, and Mr. Theobal d in Burmali. 
On the whole our numbers have been, during the past year, less reduced than usual in con¬ 
sequence of ill-health. 

At the commencement of the year, I proceeded to the Madras Presidency to make 
enquiry on the spot into the facts regarding the asserted occurrence of coal close to the town 
of J uggiapett, or Battavole, near the Ilistna River. For years it had been persistently 
repeated that coal had actually been raised in that neighbourhood, and this statement was 
maintained notwithstanding the fact that very many persons, deeply interested in the result 
and most anxious to confirm the discovery if possible, had visited the localities, but had 
entirely failed to find any trace of evidence that coal existed or was likely to exist. Its 
occurrence in this place would have boen of such high importance, that I was desirous of 
visiting the place as soon as practicable; I had also received from the Madras Government 
an urgent request to enquire into the facts. This request had reached me at a time when 
field-work was not practicable, hut I had promised to go there as soon ns possible. I left 
Calcutta, therefore, early in January; and accompanied by the original propounder of the dis¬ 
covery, I visited carefully every locality which he indicated, and went generally over the 
district. I regret to state that I found no trace of the coal-bearing rocks ; no signs of coal, 
or of any of its usual accompaniments, nor was I able to see a single spot where anything,' 
in the slightest degree leading to the conclusion that coal did exist there, could be"found.’ 
On the contrary, all these rocks are an unbroken and uninterrupted continuation of similar 
rocks which cover an enormous area in the districts of Kurnool. Kuddapah, and Guntoor 
to the south, and which, thoroughly exposed as they are in their many folds, contortions, and 
disturbances throughout this area, must have exhibited any beds of coal or coal-shale which 
possibly existed. But, neither in the Juggiapett country, nor over the many hundred square 
miles to the south, over which similar rocks extend and which have all been carefully examined, 
has any trace of such deposits been noticed. I was, therefore, compelled to believe that the 
statement of coal haying been found at or near Juggiapett was either based upon an inten¬ 
tional deception practised on the original observer, or was a delusion. 

From j^fe vicinity ot Juggiapett, I proceeded southward, devoting some time to care¬ 
fully testing the accuracy of the geological mapping of a considerable area which had been 
previously examined by Mr. C. Oldham and Mr King, and returned to Calcutta. 

» 
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Towards the close of the year (December). I proceeded to Attok to examine the rocks 
under the River Indus, through which a tunnel drift had been carried, with a view to determine 
the practicability of enlarging this drift into a regular roadway. I had wished to accomplish 
this work earlier in the season, but as the tunnel was full of water, and was not pumped out 
until December, T was obliged. to defer it. Having already reported in some detail on this 
question, I need not here enter into the facts, further than to state, there appeared nothing 
either in the structure or _ in the composition of the rock-masses to prevent the immediate 
enlargement of the drift with perfect safety, provided proper precautions were adopted, and 
the work were done at once. But that these precautions would render the cost of the tunnel, 
when completed, quite as great as that of a first class bridge, and that even then the accom¬ 
modation to the traffic would certainly not be as great as that afforded by a bridge. 

Subsequently, at the request of the Government of the Punjab, I examined with some 
care the range of hills near Futtyjung, extending southward from Cheerat,and in which 
petroleum had been obtained. I saw everything to lead to the conclusion that petroleum 
would be found over a large area in these orbitolite limestone rocks, although probably not 
in any very great quantities in one place. The best position for trials seemed fairly indicated, 
and these I noted. The probability would seem to be that limited reservoirs of this oil will 
be found at no great depth from the surface, although I am not very sanguine that they will 
prove very extensive in any one locality. Similar rocks occur again in a rudely parallel range 
to the east, and here also traces of earth-oil are seen; and it would appear very probable that 
supplies will be found extending over a large area in this part of the Punjab. 

An examination of the Dhurmsala district, and also of the Goorgaon district near 
Delhi, was requested, with a view to determine the extent of deposits of kaolin said to occur in 
each. Looking, however, to the inaccessibility of both and their distance from any markets, 
which must prevent the economizing of this clay to any large extent; and also to the fact 
that, so far as any local demand existed, it was of no importance to determine at the 
present the extent of these deposits, their existence being known, I felt compelled to think 
this enquiry was of vastly less importance than others. And that, so far as any question 
of extent or amount of such deposits was concerned, a very much more satisfactory answer 
could be given after the whole districts had been gone over than after a rapid visit to one 
or two isolated localities. No mistake can be greater than to imagine that a geologist can, 
by a sort of intuition, arrive at a knowledge of iacts bearing on such questions. This can 
only be acquired by a continuous and detailed investigation necessarily demanding time. 

Bengal and Upper Phovinces.—During the early part of the year just closed, 
Mr. Medlioott was engaged in the investigation of the western and southern flanks of the 
Garo Hills. So long since as 1842, Mr. Bedford, who had surveyed parts of tills area, 
announced the occurrence of coal in the hills bordering the Bramahpootra River at the 
western extremity oi the Garo Hills, near to a village called Harigaon, and other outcrops 
had been noticed further to the east in the Sumesurri River. The peculiarly favorable 
situation of these places, within easy reach of a great river, and in districts where fuel was 
otherwise not readily procurable, rendered it of high importance that the facts should be 
ascertained. It was also known that the rocks which accompany coal in the Khasia Hills 
extended to the west, and there was, therefore, a probability that the coal might also he 
found to extend in the same direction. It had long been hoped that a topographical 
survey o£ these hills would afford the means of recording carefully the geological observa¬ 
tions, hut as there appeared little likelihood of these hopes being realized within any reason¬ 
able time, and as meanwhile the question of the- eastern and northern extension of the 
Eastern Bengal Railway was urgent, it was determined to examine the area, in such a general 
way as might he sufficient, without entering into minute detail, to solve the question aatiss 
factorily ol the probable amount and character of the coal which occurred there. Mr. Medli- 
cott's report on the results of his examination having been published (Uncords of the Geolo¬ 
gical Surrey of India, Part 1,1868, p. 11), it is unnecessary to enter into any detail here. 
It will be sufficient to state that he has shown that the spurious coal of the Garo Hills is 
geologically distinct from most of that known in the Khasia Hills; that, in all cases, this 
coal occurs near to the base of the whole stratified series within a few yards of the underlying 
crystalline rocks; while the coal itself is very poor, in one place mainly a resinous shale, in 
another, a thick bed of dark stiff clay with insignificant strings of lignite through it. 
Whore in greatest quantity, it is described as a thick hand of shale in the midst of which 
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occurs the coal-seam: it is a good deal crushed, altogether about three feet thick, but very 
unequally carbonaceous, being locally split by strings of clay and sand; and contains but 
lew thin strings of coaly substance. The mass of what woidd be extracted as coal is a highly 
resinous hatt or shale, full of small nests and strings of a kind of amber; it gives a woody 
sound when struck, is very tough, and breaks with a large conchoidal fracture. It was obvi¬ 
ous that whatever little use might be made of such deposits, if required on the spot, they 
were practically of no value as a source of fuel for general purposes. It is most seriously 
to be regretted that the statements upon which expectations of coal had been founded should 
have proved to be so fallacious. 

Having completed the cursory examination of these rocks, Mr. Medlieott devoted some 
time to a more careful examination of the Khasia Hills, for which portions of the topogra¬ 
phical survey maps were ready. These very interesting hills had never before been visited 
by any of the officers of the survey at a time when it was possible to examine the lower 
parts of their steep slopes; and consequently, as pointed out long since, much remained to 
be done, before we could suppose that we possessed any true knowledge of their structure. 
Further, the full determination of the cretaceous age of the sandstones, &c., under Cherra 
Poonjee, (Quay. Jour. Geol. Soc. London, 1863, p. 521, Oldham, on cretaceous rocks in 
E. Bengal) which, in my own early description, in consequence of them apparent con¬ 
tinuity and conformity, (the fossils collected having been lost at sea) had been grouped 
with the tertiary rocks above, rendered it necessary to carry out this separation in detail. 
Mr. Medlieott has been able to do much towards this, and in tracing out these rocks has been 
led to several very valuable conclusions, a brief summary of which has already appeared in 
the Records of the Survey. As soon as the topographical survey of these hills is completed, 
I hope to he able to have them examined in detail. 

Later in the season, Mr. Medlieott having arranged for the several duties assigned to 
the assistants under his charge, was requested to take up the very important geological 
question of the extent and relations of the several series of sandstones, &c., associated in 
Bengal with the coal, as compared with those in Central India. With this object, making 
a rapid traverse of the Ranigunj field, and passing westwardly by the Hazareebagh fields, 
he has carried out the section across to Jubbulpore, and with very valuable results, which will 
tend much to a clearer understanding of the different groups or formations. In a new country, 
where the general relations of the rocks is quite unknown, it becomes necessary for each 
observer to form for himself a classification of the rocks he examines, grouping them 
into series or formations, and often giving to these sub-divisions local names. But as the 
examination of the country advances, it not unfrequently happens that such classification is 
proved to he of purely local type, and it is essential either to increase the sub-divisions or 
to bring several together into one larger group. Mr. Medlicott’s traverse of this wide extent 
of country will go far, I believe, to remove, in several cases, the limited amount of confusion 
which had unavoidably arisen from the fact that previously the officers of the survey had 
been working at distant and isolated points. 

Mr. Willson has completed the detailed examination of the district of Saugor in the 
Central Provinces, which he has connected with those of Dumoh and Jubbulpur to the east. 
Unfortunately the want of maps of the country lying to the west of Saugor district has 
prevented the extension of our examinations in that direction, as I was very desirous of 
doing;, in order to join on the geological lines to those we have been for some time past 
steadily carrying southwards through the Gwalior and Rajpootana territories. The district 
of Saugor is mainly composed of trappean rocks, which arc, in this parallel, the most northerly 
portion of the Great Deccan area of these ancient volcanic rocks. These rest upon Vuidhyan 
rocks for the greater portion of their boundary. 

. Mr. Mallet has, during the early part of the year, completed the examination of the crys¬ 
talline rocks oi Bundlecund—being a continuation of his work of the previous year—so 
far as the area occupied liy these rocks is comprised on sheet 70 of che Indian Atlas. The 
further, explorations of this year have rather induced Mr. Mallet to abandon the idea of 
separating these rocks into two series as was suggested in 1866-67. The evidence, however, 
is even yet scanty, and not conclusive. And it must remain ior more careful investigation 
when better maps, on a larger scale, of the B i j a w u r area become available. The maps, at 
present procurable, are too imperfect to admit ol any close or searching examination and 
record. 
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During the recess, Mr. Mallet completed a full report on the Vindhyan rocks, so tixr 
as that widely spread formation is known in northern India up to the present. A general 
map has been compiled to illustrate this. This report has been sent to press. At the com¬ 
mencement of the working season in October 1868, Mr. Mallet proceeded to take up the 
detailed examination of the eastern part of the Sone Valley, and is still engaged in that 
area. I have already intimated to Mr. Mallet the necessity for greater activity in the field, 
for looking both to the nature of the work done, and of the country in which he was 
engaged I felt disappointed that a larger area had not been satisfactorily examined. 

Carrying on the geological examination of the Gwalior and adjoining territories, 
Mr. Hackett was principally engaged near to the Byana hills bordering on Jeypur. The 
geology of this area has proved intricate and interesting. The sections are unfortunately not 
good, being cut up by intervening flats of alluvium which conceal the rocks. Bock masses 
of a peculiar character have been found to intervene between the Vindhyan series, and 
the metamorphie schists, which may approximately be taken to represent the Lower Vindhyan 
and the Gwalior series. These are possibly the same rocks as those which stretch away 
towards Ulwur, and if so, this will give a clue to the geology of the Aravali country. 
The country around Byana is, as I have already said, rather intricate in structure, and 
tedious therefore to work out, but 1 am not satisfied that a larger area might not have been 
completed during the season. Towards the close of the year, Mr. Ilaekett resumed his labours 
in the same or the adjoining country, but has been stopped by a want of maps. He has 
since been engaged farther to the south in tracing out the boundary of the Vindhyan and 
trappean rocks to the east of the parallel of Nee much, &e. 

Mr. Hughes in the early part of the year was engaged in re-mapping the small coal¬ 
fields which occur detached near Kuroun in the district of Beerblioom, and in revising with 
better maps, the Kurhurbaree coal-field. It has been difficult to obtain any very satisfactory 
information regarding this field, for the old pits which were some years since worked by the 
East Indian Railway Company are now full of water, and there are few other workings in 
operation. Any description, therefore, now given must he revised when the field is more opened 
out. At the close of the year, Mr. Hughes was engaged in the examination of the Palamow 
coal-field in Chota Nag'pore. This might, Mr. Hughes thinks, he called in preference the 
Daltongunj field. It proves very small in area, not more than about 30 square miles, and there 
appear to be only two seams which can he worked, ot which only one could at present be 
profitably extracted. This varies considerably in thickness. At Raj hera, where it was formerly 
worked by the Bengal Coal Company, it is eleven teet. It is of moderately good quality. 
The rocks of the field belong entirely to the Talcheer and the Barakar groups. Tin- 
lithological character of the latter differs considerably from that of the typical rocks in the 
Ranigunj field, being as it were intermediate between the Barakar and the Ranigunj groups. 

Mr. Ball has been carrying on the geological examination of the districts of Singhhhum 
and adjoining tributary states. He has been able to examine the copper-yielding rocks for 
a distance of nearly 80 miles; has noted some additional details with reference to the mode 
of occurrence of gold; and describes cases of excessive local metamorphism ot the younger 
rocks, reducing them to such a crystalline condition as to be entirely undistinguishable 
lithologically from the old metamorphie rocks. 8uch cases are deserving of very careful 
examination. 

Mr. Ormshy had, in the early part of the year, examined a considerable area of the 
metamorphie rocks in Chota Nagpore and Hazareeliagh, but was unfortunately obliged to 
leave for Europe in consequence of ill-health before the close of the season. 

Having very frequently had occasion to represent the importance ot deputing a special 
officer of fiie Survey to the examination of the mines of India, and to the careful col¬ 
lection of statistics regarding the quantity and value of minerals raised and brought to 
market, I was glad to find that a gentleman, selected for this purpose, had been ordered to join 
the department a t the beginning of the year. Mr. Mark Eryar, thus nominated as Mining 
Geologist iu connection with the Geological Survey of India, joined his appointment in this 
country on the 1st of May 1868. After a little time in Calcutta, Mr. Eryar was deputed 
to the Ranigunj coal-field, there to make himself acquainted with the coal-hearing rocks 
of India, and the method of mining adopted in this, the most valuable, coal-field in India. 
It was necessary that lie should acquire a knowledge of the rocks as locally developed, which 
would be useful iu other localities, and indeed perfectly essential before he could safely take 
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up any enquiry in a new and undeveloped district. Mi'. Fryar also, later in the season, visited 
the Ivuvhm'baree coal-field, when Mr. Theo. Hughes pointed out to him the several groups and 
their characteristic lithological characters. Towards the close of the year Mr. Fryar was 
deputed to the Nerbudda valley, and to pass thence southward by C hind wan-a to Nagp ore 
and Chanda, where Government had sanctioned the full and detailed examination by actual 
sinkings and borings of the extent and character of the coal known to exist there. For this 
purpose boring rods of best construction and borers have been despatched from England, 
and the work will be taken in hands at as early a date as possible. Mr. Fryar has submitted 
brief reports on the coal found at Lameta Ghat, Jubbulpore, and on the workings at the 
Nerbudda Coal and Iron Co.’s colliery at Mo pan i. The localities must again be visited by 
some one knowing the Indian rocks. 

I hope that the necessary appliances for boring, &c., which have been sent for, will reach 
this country before it be too late to do any thing this working season. Once commenced, 
the investigations will be carried on systematically, so as to ascertain exactly the full extent 
of area over which the coal beds extend and the thickness and nature of the coal itself. 
The country is much covered with alluvial deposits, and excepting by actual trials it will be 
impossible to say what the extent of the coal-fields may be, while the importance of the 
locality taken in connection with the supply of fuel on the Nagpore branch of the Great 
Indian Peninsula Railway and for other purposes, cannot be over-estimated. 

It has not been found possible, with the reduced number of our staff, dining the present 
season to place any one of the officers of the survey in this part of the country, with a view 
to trace out the extension of the coal-bearing rocks to the south from Chanda, if they do 
so extend. It is probable that the further extension will be traced, although the evidence 
seems tolerably conclusive that there is a continuous diminution in thickness of these rocks as 
they pass to the south; and it is highly probable that they will be found not to extend much 
further than they have been already traced. We know that they have entirely disappeared, 
at about seventy miles in that direction, and steps will be taken at the earliest possible date 
to have the intermediate country examined. Reports of the occurrence of coal have frequently 
been circulated, and recently it is stated to be in some quantity near Domagoodium: 
but these reports have not as yet been confirmed. 

When proceeding to the Ranigunj field, I specially directed Mr. Fryar’s attention to the 
very high importance of inducing, if possible, the colliery proprietors to economize the 
large amount of waste and dust coal which at present is allowed to take fire and bum 
away to no useful purpose at the pits. The peculiar structure of Indian coal renders the 
proportion of this waste, produced in hewing, larger than in coal of a more homogeneous and 
richer character, while the very much greater brittleness of the strings of rich jetty coal 
as compared with that of the tougher laminaj of earthy matter also adds to the proportion 
of the better fuel, which is lost in the waste. I urged on Mr. Fryar to induce some of the 
proprietors to make trial of washing and compressing this waste and dust so as to form bricks 
or cakes of fuel, and mentioned to him the success which had attended some experiments made 
by myself, on the use of common rice water as a medium for agglutinating the mass. Several 
trials were made and many bricks produced from washed waste, and, as I believe, good promise 
of success was established. The system has not, however, as yet recommended itself to the 
proprietors ; they believe that the expense and cost would not be repaid by the result, and 
they have therefore not taken any steps to carry the trials further. 

In the experiments I had myself made years since, and in those which were made by 
Mr. Fr yar during the past year, no sufficient pressure was available. And in consequence, 
although the rice-water appeared to act very successfully, there was much too large a quantity 
of it taken up. The result of this was the comparatively open and uncompressed texture 
of the bricks, and when put on the fire they smouldered away rather than burnt. The 
only pressure used was that of a very inferior brick machine, nor was anything like proper 
attention paid to washing the dust before moulding. 

I am quite confident that a very large amount of most valuable fuel could be with 
profit economized in this field, all, or almost all, of which is at present allowed entirely to go 
to waste. I do not anticipate that it will ever be profitable, under the peculiar circumstances 
of Indian fields, to adopt the suggestions thrown out by some who have never seen these fields, 
of reducing all the coal extracted to fine powder by crushing, then washing, moulding 



Records of the Geological Surrey of India. [vol. it. 30 

and baking into symmetrical blocks. But 1 am satisfied that much may be made out of 
the dust and dead-small coal, now wasted. The peculiar conditions of the field render it 
compulsory that all this should be brought to bank so that the only expenses to be incurred 
are in the actual manufacture. It would surely be more profitable to reduce a larger portion 
of this waste into the state of good useful fuel than to allow it to take fire and burn itself 
to a heap of ashes. 

Mr. Fryar’s attention was also given to the utilization of the small coal and dust for the 
production of coke, and with considerable success. 

During the past year, a circular was addressed to the proprietors of collieries from this 
office, urging on their consideration the vast importance of'maintaining proper under-ground 
plans, pointing out very briefly the advantages to be derived from such. And L was much 
gratified to find from the replies received from every one of the large proprietors that they not 
only saw the advantages to be gained, but were determined to secure them. Careful plans 
are now being made of most of the mines in the Ranigunj field; plans of the workings in the 
Kurhurbaree field will be commenced as soon as the workings there commence under the East 
Indian Railway Company, and will be maintained. In the Nerbudda plans are kept. I look 
upon this as a most gratifying progress for a year or two. The largest coal proprietors in the 
Itaniguuj field have not only engaged a qualified mining surveyor, hut they have ordered all 
their assistants to pass ail examination in the use of the surveying compass, &c.. and have 
secured attention to this study by giving an increase of Es. 50 per month to the salaries of 
those who may pass. The same Company has also given an excellent example of progress by 
ordering one of their own servants, and who, by their permission only, is also examiner of 
steam-ship boilers under the Government of Bengal (Mr. Walker), to proceed each half-year 
to their works to examine carefully and report upon, in detail, the condition, work, duty, 
aud capabilities of every one of their steam engines ; this report to bo submitted previously 
to each half-yearly meeting of the Company. 

Madras.'—In Madras Presidency, Mr. Foote was absent on medical certificate during 
the greater part of the year. He only returned late in October. The remainder of the party, 
Mr. C. Oldham and Mr. King, commenced the season's work north of Ghooty, and marching 
up to Kurnool, surveyed, as they passed along, a sufficient breadth of country outside of the 
boundary line of the Kuddapah rocks, to ascertain the non-existence of any outliers of those 
rocks in that neighbourhood, and to obtain a good general idea of the character of that area 
of metamorphie rocks. It proved to be chiefly an area of granitoid gneiss, with a few trap- 
dykes, and some runs of fault-breccia; the prevalent directions of these being west-north-west, 
with variation to north-west, and east-north-east, with a variation to north-east. 

From Kurnool, the Surveyors passed across the hills to the east, by the Muntavalpass. 
Mr. King separated from Mr. Oldham at Doopaud, from which he moved northwards, carry¬ 
ing on his examination in connection with the survey of the previous season. Mr. Oldham 
proceeded to the Kistna district to join the Superintendent. 

Mr. King rejoined Mr. Oldham in the middle of February, and working first through 
the Vinueonda talnq, they then passed into the Paluad, and carried their geological lines up 
to the Kistna River. Parts of this country are very difficult of access, wide areas quite unin¬ 
habited, without roads and without any means of obtaining needful supplies. Much of the 
geological structure is also intricate, and the district is at the same time very unhealthy. 
The temperature during the past year was unusually high in April and May, and repeated 
attacks of fever prevented the officers of the survey from carrying on their examination with 
their usual vigour. They continued, however, at work until the beginning of June, when 
Mr. King was compelled to proceed to station. Mr. Oldham went northwards and crossed 
the Kistna, hoping to he able to complete a detailed survey of the Juggiapett country. A 
part of this only could he accomplished, for the early and heavy' break of the monsoon 
compelled him also to leave the field about the middle of June. 

During the autumn Mr. Oldham delivered at the Civil Engineering College in Madras 
a course of lectures on Geology. These were attended, and with marked regularity, by a 
larger number of the general public than on previous occasions, while the engineering class 
was also very attentive and interested in the subject. 
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When I left the neighbourhood of Juggiapett early in the year, as already referred to, 
I had hoped that there would have been time to accomplish a detailed survey of that small 
atea, taken in connexion with the adjoining country, before the close of the season. As I 
have just stated, the early and very severe setting in of the monsoon prevented this. I regret 
this the more, from the reiterated statements which, have been made as to the existence of 
coal in that vicinity. Mr. C. Oldham, in regretting that he was compelled to give up the 
attempt to finish the work at that time, says—‘I was, however, able to trace out the succession 
of the beds there for a considerable distance, and I had the opportunity of examining with 
somewhat more detail than we were able to do, during our visit early in the year, the way in 
which the rocks lie, and to convince myself (in entire accordance with your own conclusions) 
that, certainly over the part of the area which I was able to survey, in which are some of the 
localities where coal had been reported, not only does nono appear, but that the occurrence of 
any thing like a workable seam of coal, unseen, is impossible. The rocks arc singularly well 
exposed and their succession very clearly seen. The general succession of rocks seen in the 
Juggiapett area is, in ascending order, quartzite slate, limestone, schistose slates, and over these 
upper slates, in the hills to the south, comes apparently another set of quartzites.’ The two 
lower groups, Mr. C. Oldham is inclined to refer to the Kuddapah series of rocks ; and the 
limestone with the slates above it to the newer Kumool group. There is apparently uncon¬ 
formity between the two series here, as in many other places. The Kuruool rocks cover a 
largo area in the Paluad, and the two limestones with associated shales, are seen separated 
by quartzite, (the 1 Paneum’ quartzite of the survey) ; this is locally of considerable thickness 
and forms a very well marked bed, hut elsewhere it thins "out to a couple of feet 
or even disappears altogether. The lower limestone of the Palnad is apparently identical 
with that which covers so very large an area near Juggiapett, although the actual'continuity 
of tlie two still remains to be traced. Much of the limestone would form a very durable and 
excellent building material, and several of the beds would yield a handsome ornamental marble, 
being veined in different colours, chiefly buff and pink. 

Chipped stone implements were traced up to the Kistna district. On the Muntaval 
pass, one was extracted from hard solid laterite. 

Prom Bezwara, Mr. C. Oldham visited a small area of sandstone at Tunglamoody, 
about 14 miles south-south-east of Bezwara. These sandstones there form a rising ground or 
hillock of no great extent. They are quarried for use in the adjacent country, where many 
temples have been built of them. Xo fossils were traceable, but from the general character 
of the rocks, Mr. Oldham considers them as belonging to the same group as the plant sand¬ 
stones further to the south, to some of which they bear a great resemblance. Further, while 
marching back to Madras from Ctuntoor, he noticed similar sandstones and some poreellanie 
shales in several places near to Yinkolu, and south of that along the road : and at Razpoody 
a considerable amount of them is exposed, chiefly a greyish and yellowish shaly sandstone. 
These beds are quarried to some extent for local building purposes. The great resemblance 
lithologically of these rocks (shaly sandstones, and porcelain-like shales) to those in the 
neighbourhood of Sripermatoor, in the Madras district,is striking. Mr. C. Oldham thinks 
all these belong to the same series, and thus we have, at a distance of 450 miles from where 
we first found them in the Trichinopoly district, remains of a series of deposits once continu¬ 
ous, and the connection of which is now only indicated by the many detached areas of the 
Same beds, which have been traced by the survey in the South Arcot, Worth Areot, Madras, and 
Nellore districts. 

Bombay.—The Bombay parly of the survey has been during the whole year under the 
charge of Mr. A. B. Wynne, Mr. Blanford being, during all the time, absent with the 
Abyssinian Field-force. The party was engaged in the examination of Cutch, of which area 
about one-half has been very carefully completed. The reported occurrence of coal, said to be 
in workable quantity, was one reason which demanded a careful investigation of the rocks 
and their relations. But the principal interest connected with the investigation of Cutch cen¬ 
tered in the fossils, which occur there in considerable abundance. Along with others, very well 
preserved remains ol* peculiar plants occurred, easily recognizable, and giving a very marked 
facies to the flora of these rocks. This was characterized by the predominance of various 
forms of Cycadew. These same forms of Cyeadeso had been found in abundance in Benovil, 
at the opposite side ol the Indian peninsula, and in many places near to Madras, far to °tho 
south. In the Kajmahal Hills no associated beds occur from which the true geological horizon 
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of these plant-bearing rocks could be made out, while in Madras presidency also, although the 
succession clearly established that these rocks were not younger than the cretaceous formation 
there developed, there was (equally as in Bengal) no possibility of fixing their lower limit in 
geological time. In Cutch these jilant.-bearing beds, on the contrary, were said to occur asso¬ 
ciated jwith rocks rich in marine fossils, well preserved, and the geological epoch of 
which was well marked and readily determinable. But although undoubtedly associated with 
the marine fossiliferous beds, the mode of this association was still uncertain. Captain Grant, 
the original describor of the province, left it doubtful; while Mr. W. Blanford, during a 
cursory visit to part of Cutch, was led to believe that the plant-hearing rocks were actually 
intercalated with the others. The facts, as resulting from Mr. Wynne’s very careful and 
detailed examination, appear to be that a very few and very imperfect remains of plants do 
occur in layers distinctly intercalated with the truly marine beds, and have probably been 
drifted into those localities from shores adjoining the seas in which the mollusea, now found 
fossilized in these beds, then existed. But as a whole the beds in which the well-marked 
PalmozamitB occur are decidedly younger than those containing the truly Jurassic Ammonites 
and other characteristic fossils; and that they constitute an upper zone, but- belonging to the 
Jurassic period. These very important results will be illustrated in detail in Mr. Wynne’s 
reports. 

Mr. Fedden has been engaged with Mr. Wynne in this careful examination of Cutch, 
and has more especially devoted himself to the portion of the province occupied by the 
tertiary rocks. 

Very extensive and valuable collections of fossils have been made by this party of the 
survey, and transmitted to the Museum. 

Burmah.—Mr. W. Theobald, Junr.. having returned from absence of leave, resumed 
the examination of British Burmah towards the close of the year. The time which elapsed 
up to the end of the year has been too brief to admit ol‘ any great progress. The country 
under examination has been that portion of the Promo district which stretches between the 
Eastern or Pegu Yoma and the Irrawaddi, and lies to the north of the Toung Baweng 
stream. This will, when finished, complete the whole of the Frame district east of the Irra- 
waihli. 1 confidently hope that we shall now be able to complete the examination of all British 
Burmah soon. The results at best are unsatisfactory from the absence of any good sections; 
and any attempt at classification of the rucks can only be of the largest kind. The whole 
country is too much covered to admit of any great detail. 

PruneATIOBS.—During the year under report, we have commenced the issue at stated 
intervals of a new series of publications called the “ Records of tee Geological Survey of 

India.” These are printed in smaller type and on thinner paper (for free transmission by 
post) than the more detailed Memoirs, but of the same size, so that they can on completion 
of a volume be bound with these. It is contemplated to issue a number every three months, 
making four numbers or parts in the year. It was impossible, however, to commence the 
issue until after several months of last year had passed, and therefore, for 18G8, only three 
numbers appeared. In explanation of the object with which Ibis series has been commenced, 
I may quote here from the brief Prefatory Notice which accompanied the first part. ‘This series 
will contain a notice of the current work of the survey up to date; a listed' contributions to 
tbe Museum or Library; a list, and occasionally an analysis, of such books published elsewhere, 
as bear upon Indian Geology; and, generally, of all facts illustrating the immediate object 
of our researches, which may from time to time come to our knowledge.’ 

The three numbers issued in 1868 have contained papers oil very varied subjects; 
coal, gold, copper, fossils, and several local descriptive papers, which have proved of much 
interest to local officers; also lists of all additions to Library, &c., during the year. 

I am happy to say this new series of publications, although necessarily issued with very 
few illustrations, has already attracted much interest, and I think will prove very useful. 

Of the Memoirs of the Geological Survey of India, a very valuable part has been 
issued, containing a full report on the geology of the lower parts of the Nerbudda and Taptee 
Valleys by Mr. W. T. Blanford. The delay involved in the preparation of the necessary 
illustrations for this paper caused it to appear later than I had hoped. In the same part is 
also a detailed description of the structure and anatomy of the very curious little frogs long 
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known to be found in some thin papery shales near Bombay. To these Professor Owen had 
in 1847 given the name of Sana pusilla. More carefu 1 investigation, and more perfect 
specimens, show that these strange little frogs belonged to the existing genus Oxyglossus. 

Mr. Blanford’s report includes all the country lying between the parts already described 
by Mr. J. G. Medlicott (see Yol. II, Memoirs Geol. Survey of India) and the Gulf 
of Cambay, and thus completes a geological section right across the peninsula to the neighbour¬ 
hood of Bombay. 

This part completes Volume VI of the Memoies of the Geological Survey of India. 

Of the figures and descriptions of Indian fossils, included in the Palfeontologia Indica, 
the second half of the description of the Cretaceous Gastropoda was issued in October. This 
contained four fasciculi, and being ready at that time, I was enabled to issue it in advance, 
so as to carry the publication up to October of the present year. The danger of loss, the 
facility of destruction or injury, and the delay in transmission, of the smaller fasciculi, render it 
preferable to issue the whole series due for a year at once, if this be ready. 

The description of the Gastropoda, concluded in these parts, was carried out to the close 
with the full detail to which I specially alluded in my last report. 

Much progress has been made in the preparation of the needful plates for the illustration 
of the Bivalves, the group which will be published next. 

At the request of several local officers we have, during the year, furnished brief 
geological descriptions of their districts, which they needed for statistical accounts, descriptive 
reports, &c., Ac. 

Library.—During the twelve months of 1868, we have added to our library 1,766 
volumes, or parts of volumes, of books. Of this total 508 were presented or received in 
exchange for the publications of the Geological Survey from Societies and other institutions. 
We continue to maintain our catalogue of these books up to date, and in the new series 
of our quarterly publications (The Records) a complete list is given, in each part, of those 
received during the preceding three months. Ii is hoped that this announcement being sent 
to the several Societies from whom the presentations have been received will suffice as an 
acknowledgment, and will thus obviate the necessity of separate communications. 

We are quite as seriously inconvenienced in our Library arrangements, by the want of 
sufficient space, as in the Museum. The books are necessarily placed in double rows and often 
far too crowded in their cases. This renders it impracticable to be as careful of them as 
might be, and also seriously interferes with facility of consultation or reference. To give fair 
room for all we would require at least double the number of cases and shelves we have 
at command. 

To this report is appended as usual a list of the Societies and Public Institutions from 
which the Geological Survey of India has received donations or exchange of publications 
during the year 1868. 

In my last report I stated that the literature of Geology, Mineralogy, Palaeontology, &c., 
had of late years so vastly increased that it was impossible to maintain our library effect¬ 
ively from the small sum annually appropriated to such purposes and I am happy to be 
able to state that an increase to this sum has since then been sanctioned. 

Museum.—Up to the close of the year we had not received all the series of fossils 
procured during 1867 in Europe, in connection with the purchase of the Klipstein collection. 
But few now remain to be received, and I hope to be in possession of all at an early date. 

During the year, I had the advantage of the aid of Mr. Geoff. tSTevill in arranging, 
preparing, and cataloguing these fossils as opportunity offered for opening and examining 
them. In many cases, the want of space has rendered it necessary merely to open, examine, 
check, and pack up again, box after box, as we have not space in which even to arrange, much 
less exhibit, our collections. Three additional rooms have been given up to the museum, 
and this will afford a certain amount of relief, when we have been able to procure cases. 
During the yeqr more than 6,000 specimens have been catalogued. 

We have returned to the Central Museum, Madras, the Cretaceous Gastropoda which they 
had been good enough to lend us for examination and description, and we have added to the 

b 
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list, as complete a series of duplicates of this group of fossils as our collections could afford. 
1 think local museums should especially, and in preference to any more general illustrations, 
seek to render their collections specially rich and illustrative of local Natural History, and 
my desire has been to place in the Madras Museum the best series of duplicates which could 
be selected from the very interesting and valuable collections of Triehinopoly fossils made 
during our geological examination of that district, in the Madras Presidency. With a similar 
object, 1 also sent to the Museum at Kajamundry as complete a series as our collections 
would afford of the interesting tertiary fossils found close to that town, carefully named, 
and with accurate references; so that those interested might have some good data for com¬ 
parison, if they had the opportunity of adding to these local collections. We have also 
during the year examined and named” for several persons specimens and small collections. 

From the officers of the survey working inCutch, the collections have received very large 
additions; among which are many good specimens. The other parties of the survey have 
not been engaged in richly fossili'ferous districts. Mr. Medlicott has brought a small series 
from the Khasia Hills, and a few have been received from Burmah. 

Meteorites.—To the noble collection of meteorites in our Museum have been added 
during 1868 specimens of the fall of Pultusk, 30th January, 1868 : of Klein Menow, 
7th of October, 1861: of Perth, 17th May, 1830; of Ornans (Doubs), 11th July, 
1868; and of Lodran near Mooltan, 17tla of October, 1868, being five in all. Of one 
of these (Klein Menow) our collection contained a minute fragment before, hut we have 
now obtained a very splendid specimen. The others are all new to our series. For the 
very rare specimen from Perth, I am indebted to the friendly kindness of Mr. Wm, Nevill, 
Godalming, Surrey, from whom also I procured the Klein Menow specimen. To my 
good friend M. Jules Marcou, Paris, I owe the specimen of Ornans, while the contribution 
of that from Pultusk was among the latest communications received from the able Director 
of the Imperial Mineral Cabinet at Vienna, Dr. M. Hornes, since deceased. This was only 
one among a very numerous and long-continued series of friendly communications, in which 
I have ever experienced the most hearty and graciously rendered support and co-operation 
from the Austrian Geologists, and from none more warmly than from the greatly regretted 
Hornes. 

A small map is as usual appended, showing roughly the areas of which the geological 
examination has been completed, or is now in progress, in connection with the survey. 

Thomas Oldham, 

Supdt. of Geological Survey of India, and 

Director of Geological Museum, Calcutta. 

list of Societies and other Public Institutions, Sfc., from which Publications have been 

received in donation or exchange for the Library of the Geological Survey of India 

during the year 1868. 

London.—Royal Society. 
Royal Institution. 
Royal Asiatic Society. 
Geological Society. 
Geological Survey of Great Britain and Ireland. 
Royal School of Mines. 
Royal Society of Arts. 
Royal Geographical Society. 
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Note on Pangshuka tecta, and two other species of Chelonia, from the newer tertiary 

deposits of the Nerbudda Valley, by Feed. Stoliczka, ph. d., Paleontologist, Geol. 

Sure, of India. 

While engaged in the examination of the tertiary ( ? pleiocene) deposits of the valley of 
the Nerbudda river in 1858, Mr. W. Theobald, Junior, obtained, among other fossils, a 
few remains of Chelonia which are of great interest as throwing light upon the then 
existing representatives of this reptilian order. 

Mr. Theobald described these deposits at some length in a paper “On the tertiary 
and alluvial deposits of the central portion of the Nerbudda valley” (Memoirs, Geol. Surv., 
India, Vol. IT, p. 279). He distinguishes two groups of beds, an upper and a lower. To 
both of these a large number of the fossils is common, but Mr. Theobald is inclined to 
think that those of the upper group may have been, partially at least, derived from the 
denudation of the lower group. The beds of this lower group are more fossiliferous than 
the others, but they can only be examined where they are exposed in the banks of the 
Nerbudda river itself, and in those of a few of the larger tributaries. The same author also 
gives a list of land and fresh-water shells found in these beds. Many of the species noted are 
still met with recent, and some appear to be identical with those determined by 
Prof. Ed. Forbes from the Sevalik strata (see Falconer’s Pakeont. Mem., Yol. I, p. 389). 
Of the vertebrate fossils also, several species are common to both the Nerbudda and Sevalik 
strata. Still some peculiarities in the Bovine and Pachyderm types have been pointed out, 
which seem to show that the deposits of the Nerbudda valley are younger than those of the 
Sevalik hills. On this point it is difficult to arrive at any definite conclusion from the 
examination of the fossils alone. The comparatively larger number of Bovines in the 
Nerbudda beds, as contrasted with the Pachyderms, the absence of Mastodons, &e., may be 
due to local causes. And further, the number of fossils as yet known from the Nerbudda is 
small, while from the Sevaliks, which have been examined more in detail, we have a large 
number of well determined species. The ouly question is, whether all the fossils which have 
been described from the Sevaliks really belong to one series of beds only, or whether they do 
not in reality represent somewhat distinct horizons (the Nahun series, the upper and lower 
Sevaliks, &c.) It is cei'tain that no particular attention was paid to these divisions when 
the earlier collections were made. Much is therefore still left to bo worked out, both in 
the Nerbudda and in the Sub-Himalayan country. 

In the present note I shall direct attention only to the Chelonian remains from the 
Nerbudda valley. Mr. W. Theobald, in his report quoted above, repeatedly states that 
Chelonian remains occur throughout the lower group, but that they are rare as compared 
with those of the Mammalia (see pp. 289, 290, 292). Besides these remains of Chelonia I am 
not aware that any other reptilian remains have been met with in the Nerbudda beds, 
although Saurians and others most probably existed within that area, as they do now, and 
as they did already during the time, and in the area, of the Sevalik deposits. 

These Chelonian. remains are refen ihle to throo species; one, which is sufficiently 
preserved, has been identified with the recent Pangshura tecta, and, of the three other 
fragments, one appears to belong to a recent Batagur, and the other two to a Trionyx. 

I shall give first a short description of these remains, and then add a few words 
respecting the conclusions resulting from this examination. 

Pangshuka tecta. Bell, sp., Plate I, Figs. 1, 2. 

Emys tectum. Boll, Monog. Tostudinarum. 
„ tecta. Gray, Illustrations of Indian Zoology. 
„ Namadiciis, Theobald, 1860, Mem. Geol. Surv., India, Vol. II, p, 295. 

Pangshura tecta, Gunther, 1864, Ueptilcs of India, p. 33. 
Emys tecta, Falconer’s Pal. Memoirs, 1868, Vol. I, p. 388. 

The shell of Pangshura tecta* has an elongated oval form. The centre of the back 
is elovated, more or loss distinctly carinate, the sides are rather flattened and slope at an 
angle of about 45°, which increase up to 50° towards both ends. The carapace is anteriorly 

* I have adopted Iiere the change in the specific name, tecta, as beliiR- more in accordance with the general 
system of nomenclature, although Bell said that Gray had misquoted the name teda instead of tectum, the roof of a 
house, which was intended to express the general form. 
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about equal to, or a little shorter than, the sternum, and slightly emarginated; posteriorly 
it is obtusely rounded, and at the marginal shields more or less distinctly serrated. 

In the specimen figured on Plate I,—which was discovered by Mr. W. Theobald 
at Moar Domar in the Nerbudda valley,—the carapace agrees in every respect with that of 
the recent species, as will he shown by giving the necessary details of its structure. To 
facilitate a careful comparison, I have also given a drawing of one-half of the dorsal and 
ventral views of the carapace of a small specimen, procured living in the neighbourhood 
of Calcutta. These drawings are intended to illustrate not only the epidermoid but also the 
osseous shields. Proper attention is seldom given to the latter in zoological works, although 
in palaeontological researches they are of greater importance than the former. 

The fossil figured is not perfect, the posterior portion of the carapace not having been 
found; hut the rest of the shell is quite sufficiently preserved to admit of careful comparison 
for specific, identification. The general form of this fossil is, as already stated, exactly the 
same as that of recent specimens. 

Epidermoid plates.—-The nuchal shield is very small, narrower anteriorly than posteriorly 
All the five vertebrals are obtusely curinated in the middle, and the first three become 
successively more and more elevated at the posterior end. The first vertebral is pentagonal 
with an obtuse projecting angle in front, slightly emarginated at the sides, narrow and 
truncate behind. The second vertebral is about the same size as the first, also pentagonal 
truncate at both ends, considerably narrower posteriorly than anteriorly, laterally' 
at one-third of the length from the front edge, widest and angular. The third vertebral 
is the smallest, but the highest of all, pentagonal, truncate in front, angxdar at the 
sides, after which considerably produced posteriorly, becoming gradually narrower and 
terminating with an obtuse point. The fourth vertebral is hell shaped, very much 
prolonged, joining the third with an obtuse point, then becoming gradually wider until 
it reaches about three-fifths of its length, after which it narrows again, tenninatino- with a 
truncate side, about one-half of the greatest width of the shield. Of the fifth vertebral only 
the anterior portion is preserved, showing it to be truncate in front and quickly widenin'^ 
posteriorly. The sides were probably obtusely pointed and the posterior termination truncate 
broader than the anterior, as in recent specimens. In these the sides of the fifth vertebral 
are sometimes pointed, sometimes distinctly truncated. Costal or lateral plates are five all 
being transversally elongated and of a more or less irregular pentagonal shape. They 
entirely agree with those of living specimens, as is equally the case with the marginal shields 
which are eleven in number on either side. The serration of the posterior marginal shields 
remains to he properly recorded if better preserved specimens should be discovered, for neither 
is it distinctly traceable in the figure given by Dr. Murchison in Falconer’s Pal. Memoirs. 

On the ventral side we have first to notice a pair of small, triangular, posteriorly pointed 
gular shields. To these follows a pair of larger, subquadrangular post-gulars ; then a pair of 
rather high pectorals, next to which are the abdominals, being the largest, and then the other 
shields of normal size. The axillaries are comparatively .small, posteriorly pointed, the 
inguinals large anteriorly, on the external side obliquely truncate. The longitudinal rid°-e 
which connects each axillary with its corresponding inguinal is very distinct, sharp and 
slightly longer than in most recent specimens. The plastrum is distinctly concave, probably 
a little more so than in male specimens, as usually met with about Calcutta. 

Osseous plates.—The distribution of the osseous plates, as is well known, does not a»ree 
with that of the epidermoid shields. There is a very large nuchal plate and a very small 
caudal, the latter not being preserved in our specimen. There are ten small vertebrals, the 
last (the largest) not being seen in the fossil, but the other nine perfectly agree in their 
relative proportions and in their relations to the epidermoid shield with those of live 
specimens. The costal shields are eight; the first is the broadest, with reference to the 
longitudinal diameter of the carapace; all the others are very narrow. The number of 
marginals is eleven on each side. 

On the plastrum we have a pair of subquadrangular gular shields, to which follows a 
pair of very large pectorals, these four shields enclosing in the middle a single, suboval post- 
gular; there is besides a pair of very large abdominals and one pair of smaller anals. The 
axials and inguinals are not separated from the pectorals and abdominals respectively. 

No portions of the internal skeleton, as the extremities, &e., have been found preserved. 
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The epidermoid plates in Pangsh. tecta, and other allied species, are subject to a great deal 
of variation, which is especially considerable in the form of the vertebral plates, occasionally 
so much so that they cease to be of great specific importance. The most variable are the 
first and the fifth vertebral plates. In the Indian Museum there exists a remarkably large 
specimen of Pangsh. tecta from Oachar. Its first vertebral is pentagonal, the second quadran¬ 
gular, third rather large, of regular form, fourth very large, bell shaped, the fifth is three-fifths 
of the length of the former, of almost equal width throughout, truncate in front, sub-angular 
laterally, and obliquely pointed posteriorly, while, as a rule, it is truncate behind (see fig. 2, pi. 1). 
There are twelve marginals on each side, instead ot eleven, the tenth being divided by a furrow 
in continuation of the suture which separates the fifth costal from the fifth vertebral. The 
eaudals are very small. 

Comparing the epidermoid shields of some of the specimens of P. tecta with those of 
Pangsh. tentoria, it is by no means easy to point out any very remarkable distinctions, but 
the latter species can be always recognised by its broad, depressed back, the sides of the 
carapace being distinctly convex, and the general form of the shell more elongated. (See 
Theobald's Catalogue of Reptiles, etc., Jour. Asiat, Soc., Bengal, Extra No. 146, 1868, p. 14). 
(fiinther’s figure of Pangsh. tentoria is by no means characteristic, being almost uiidistin- 
guishable from that of P. tecta. 

The costal shields are, on the contrary, much more constant, and they do not appear to 
vary essentially in allied species and genera. In all the species of Pangshura which I have 
examined they were arranged quite identically. 

Mr. Theobald proposed for the specimen here figured the new specific name “ Namadicus,” 
while Dr. Falconer, in an essay already written in 1844 (see Falconer’s Pal. Mem., Vol. I, 
1868, p. 382), bad identified another specimen found in the Sevalik strata with the recent 
species. The examination of the Nerbudda specimen has strongly confirmed Dr. Falconer’s 
investigations; that celebrated naturalist summing up his results in the words, “ that we are 
not justified in constituting a difference where we do not find it.” Judging from all the 
solid parts of the carapace, it cannot, I think, be reasonably questioned that the Nerbudda 
and the Sevalik fossils, as described by Dr. Falconer, are both of the same species, and identical 
with recent specimens of that species. It might, of course, be said by some naturalists that 
the fossil specimens may have been, for instance, quite differently coloured, and this would 
be sufficient to constitute a specific distinction. Such hypotheses cannot, however, bo admitted 
as having any value in pointing out specific distinctions of fossils. 

I have no doubt that the specimen from which Dr. Falconer’s description was taken 
is a true Pangsh. tecta, but it seems very doubtful that it was the identical specimen figured 
by Dr. Murchison on Plate 32 in Falconer’s Pal. Mem., Vol. I. I have little doubt that this 
last one is also a Pangsh. tecta, but it can scarcely be the identical specimen which Dr. Fal¬ 
coner described. Dr. Murchison (in a note on page 382) pronounces the figured specimen to 
be the original of Dr. Falconer’s description, but when writing the explanation to the plate 
some of the differences must have struck him, and here he leaves the identity of the 
specimen doubtful. On page 383 Dr. Falconer says, with reference to the first vertebral, 
(of the epidermoid coat), “ the exact form is not distinctly seen, though it seems to converge 
less * * In the figure two-thirds of the first vertebral are broken off, and no con¬ 
vergence is perceptible. Farther, the author says, “ the outline of the fourth scute is not 
distinguishable in the fossil, and the fifth one is wanting.” In Dr. Murchison’s figure the 
fifth shield appears perfectly preserved. With regard to the fourth vertebral scute there is an 
error in Dr. Murchison’s figure. The draughtsman has in place of the outline of the 
epidermal shield marked the outlines of three osseous plates, and of these he does not seem 
to have given the outlines quite correctly. The fourth epidermoid vertebral scute extends over 
three complete osseous vertebrals and an additional one-half, or nearly that, on either end (see 
pi. I, fig. 2). It is important to point out this distinction, though every one, looking at 
Dr. Murchison’s figure, will readily notice that some mistake of that kind must have 
occurred. For no Emys or Pangshura possesses seven scutes in the epidermoid covering, 
and if intended as a representation of osseous shields, the number is, as I have already 
stated, too small. In spite of this discrepancy and the somewhat strongly bi-tuberculated 
second vertebral scute, I can hardly think that the specimen figured by Dr. Murchison 
belongs to any other species than Pangsh. tecta. 
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Ijataqu It si5,, conf. dhongoka, Gray. PI. I, Pig. 3. 

Gunther’s Reptiles of India, Ray Soc., 1864, p. 42. 

One right abdominal osseous shield has been found in the conglomeratic beds near the 
village Omeria. This abdominal osseous shield is 108 m.m. long and 94 m.m. broad in 
the region of the inguinal process. Its form, the flat surface and the outlines of the 
junction of the abdominal and prae-anal shields, of the inguinal and of the adjoining marginal 
on the external side, entirely agree with the form of the same shields of the recent Batagur 

dhongoka. Further materials are, however, necessary to show whether this supposed identi¬ 
fication be correct. 

The species occurs at present throughout India, especially in the larger rivers, and it is 
found up to the present time in the Nerbudda. Judging from the size of the fossil shield, 
the specimen to which it belonged must have been about one foot long; specimens much 
larger than this are met with alive now in India. 

Tkionyx sp., conf. gangeticus, Cuvier, PI. 1, Figs. 4—5. 

Gunther’s Reptiles of India, Ray Soc., 1864, p. 47. 

The two fragments which are referrible to the above species consist of the largest 
portion of the left lower inguinal plate, and a fragment of one of the bony (sternal) processes 
with broad longitudinal furrows. The rugose surface of the inguinal plate entirely agrees 
with that of Trionyx gangeticus, and this is the only reason which can at present be 
brought in support of the presumed identification of the fossil with the recent form. The 
thickness of the plate shows it to have belonged to a large specimen. These two fragments 
were also met with in the conglomeratic bed near Omeria. Trionyx gangeticus is found at 
the present time living in most of the large Indian rivers, especially in the Ganges and its 
tributaries. 

We have thus up to the present three species of Chelonia upon record from the newer 
tertiary fluviatile deposits of the Nerbudda valley. These all belong to forms which live in 
fresh water, and so far agree with Mr. Theobald's conclusions, derived chiefly from a con¬ 
sideration of the shell-fauna, that there are no traces of any estuary or brackish-water 
deposits. Of these three Chelonia we may accept with the highest probability the identity 
of Pangshura tecta with the existing species, and the great similarity of the other two 
to existing species is also unquestionable. The Chelonia, probably unnoticed by man, appear 
to have changed far less in the lapse of time than the Mammalia. The Pangshura tecta, 
and probably two other species (not yet known to occur in the Sevaliks proper), have 
then continued to exist unaltered, from the time of the Simtherium, Mastodon, various 
Elephants, Hippopotamus, Colossochelys and others, down to the present time. The 
changes in the conditions of climate, &c., may not have been great, and if the species of 
reptiles survived these changes man surely would have been able to do the same, had he 
existed at that early date. That he did so exist, and that he was a contemporary of the 
Colossochelys, as Dr. H. Falconer suggested long since, we have no reason to doubt, although 
as yet we may not be able to adduce any direct proof of the fact. 

Explanation of Plate I. 

Figs. 1, la, lb; dorsal, ventral and front views—half the natural size—of the carapace of a 
fossil specimen of Pangsh, tecta from newer tertiary conglomeratic beds near 
the village Moar Domar in the Nerbudda valley. 

Figs. 2 & 2a; dorsal and ventral views of half the carapace of a recent specimen of the same 
species; (natural size). 

Fig. 3 ... Ventral view of a right abdominal osseous shield of a species closely 
allied to, or identical with, Batagur dhongoka, Gray, from the same beds as 
Fig. 1; (half of natural size). 

Fig. 4 ... Portion of the sternal process of a species closely allied to, or identical with, 
Trionyx gangeticus, from the same beds as the last; (half of natural size). 

Fig. 5 ,1, View of a fragment of the inguinal plate of the same species as the last, and 
from the same locality; (natural size). 



Sketch of the Metamoephic eocks of Bengal, by H. B. Medlicott, A. B., F. G. S., 

Depy. Supt., Geol. Survey of India. 

From the descriptions of the earliest geological observers in India it has been 
known that large areas are occupied by rnetamorphie and submetamorphic rocks. It mio-ht 
not appear from its publications that the Geological Survey had given to these formations 
their due share of attention. But such an inference would" be tar from correct; coloured 
maps of large districts might long since have been published, with a general description of 
the lithology and of the superficial stratigraphical features; and specious analogies mio-ht 
have been drawn with the ‘fundamental’ rocks of other countries; but any such accounts 
would be illusive without, some definite judgment upon the structure and relations of the 
several rock-groups. The following notice is a brief abstract of observations made by me 
during two seasons (1862-63, 1863-61) spent on these rocks, from the watershed of the penin¬ 
sula near Jubbulpur, in an east-north-east direction, to Monghyr on the Ganges, a direct 
distance of more than 400 miles. Those who have any knowledge of the difficulties attend¬ 
ing the investigation of such rocks will at once understand that my explanations can be only 
tentative. 

The broad promontory round which the Ganges turns at Rajmahal is the termi¬ 
nation of a great expanse of gneissic rocks. Here, throughout its eastern extremity, for 
nearly 100 miles, the gneiss is covered and bounded by the Rajmahal Trap, with its asso¬ 
ciated plant beds (Jurassic), locally underlaid by other members of our Indian Stratified 
Series; and various outliers, of irregular shape and size, of these latter deposits, comprising 
our best known coal-fields, are scattered over the area to the west; but from the Rajmahal 
boundary the gneiss is continuous for 400 miles to the west-south-west to where it passes 
under the Great Deccan Trap (supra cretaceous) of the Mundla plateau. From the south 
extremity of the Rajmahal Trap the general boundary of the rnetamorphie area extends to the 
south-south-west. Across the middle of the area a straight line might be drawn for more 
than 150 miles from north to south, continuously on crystalline rocks. 

Throughout the greater portion of the northern boundary (the region to which my 
observations more especially refer), and with few exceptions wherever rock is more ex¬ 
posed, the gneiss is in coutaet with submetamorphic rocks—slates, schists and quartzites. 
The exceptions are where, only very locally, the Lower Vindhyans lap on to the gneiss, and 
where the crystalline rocks themselves extend through and beyond the otherwise regular and 
continuous run of the schists. This latter case is a most Important one ; it occurs in about 
the middle of the region, and is connected with an interruption of nearly 80 miles in the 
run of the schists, dividing them into two separate areas, and introducing all the doubts 
and difficulties of identification. In the western area the submetamorphies are continuous 
along the south side of the Sone valley and into the Nerbudda valley, and are throughout 
the whole extent bounded on the, north by the great Vindhyan range, the strata of which 
rest totally unconformably upon the schists. In the eastern area, in Behar, the slate series 
appears in detached groups of hills more or less isolated in the deposits of the Gangetic 
plain; the principal of these hills are those of Rajgir, Kurrukpur, Ghiddour, Bheowa, 
andMahabur. There is perhaps a presumption that the analogous rocks in the two divisions 
of this great zone are closely related, but many circumstances combine to complicate the 
question of identification : in the western area the rocks are principally argillaceous, and the 
rnetamorphie products of such; while in the east, quartzose deposits largely predominate. 
Again, this break of continuity is coincident with the eastern extremity of the immense 
spread of the Vindhyan rocks, and thus, through a general analogy of composition, the pos¬ 
sibility was at. first suggested (the crystalline rocks not being necessarily all of one period) 
that the quartzites of Rajgir, &c., might he altered Vindhyans. This supposition may, I 
think, he quite set aside : the Lower Vindhyans near their eastern limit rest quite unaffected 
upon the granitics; and the most peculiar and characteristic beds of the Lower Vindhyan 
series are most extensively developed in this position, yet there are no rocks among the 
submetamorphies of Rajgir that would even approximately represent them specifically. 
There is, on the other hand, no inherent difficulty to the general equivalence of the sub¬ 
metamorphic series in the two regions, in the fact of there being much difference of 
composition at so considerable a distance. It need hardly be stated that only the leading 
relations of the rocks are to be noticed: no fossils have as yet been discovered in any of 
them, and no detailed work has as yet been attempted. 
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The superficial relation of position—a great spread of crystalline, fringed by sub- 
metamorphic rocks—is already variously suggestive : the rival leading questions would 
be—to what extent are the crystallines granitic and intrusive, thus determining the pre¬ 
sent limit of the schists ? or, if the crystallines are in the main gneissic and themselves 
metamorphic, how far may the present limitation of the snbmetamorphic series as a fringing 
deposit be an original feature? No satisfactorily one-sided answer can be given: the facies 
of the crystalline rocks is emphatically gneissic (metamorphic); there is also ample evidence 
of granitic intrusion in the rocks of both series; yet, owing to theoretical scruples, 
and to deficiency of data, the residual phenomena are so numerous that no approxi¬ 
mately final judgment can be put forward even as to the main relative ages. It is time, 
however, that our difficulties should he ventilated. The lie of this great, hand of slaty 
rocks, on the south of the Gangetic valley, and followed up, as it is, by the next suc¬ 
ceeding deposits of the Yindhyan series, suggests at first sight inferences as to the possible 
substratum of the great alluvial formation, as to the inducing conditions for the great area 
of erosion or of depression, and as to possible relations to the rocks on the north of the plains, 
in the Himalayan region. But, whatever independent interest these large structural feature- 
may retain, such speculations as those mentioned are in a great measure negatived by the 
appearance to the north of the Vindhyans in Bundelkund of a large area of thorough 
gneissic rocks; and again, in Behar, in the small group of the Barabar hills, well to the 
north of the Raj gi r range, we find very massive gneiss of most ancient aspect. 

I must here briefly recall to notice some observations I made in 1S5G-57 in a 
neighbouring part of India (published in the 2nd Vol. of our Memoirs) as bearing upon 
the question before us. To the north-west of the Sone valley, and separated from it by 
the long eastern px-olongation of the Vindhyan formation, there is the large area of crystalline 
rocks of Bundelkund; it is hounded on three sides by the Vindhyans and on the fourth 
by the Gangetic plains. Along the south-east border of that area there appears a strip 
of semimetamorphic rocks—quartzites, limestone* and slaty strata, with contemporaneous 
trap, rising from beneath the Vindhyans. I described them as the Bijawur formation. 
They are in many places seen to rest abruptly upon a flatly denuded surface of the gniess 
of that area. The bottom rocks in this position are peculiar quartzites, often compact and 
brecciated, and massive cherty limestone; but along portions of the boundary the usual 
Bij awur strata are underlaid, with at least approximate parallelism, by very non-dcscript 
gneissoid strata. The demarcation bet ween these and the true gneiss is, naturally, very obscure ; 
and it was not then possible to work it out; but there are locally some intercalated 
beds of quartzite-sandstone that effectually betray the stratigraphical affinities of these 
indeterminate strata to be towards the Bijawur rocks, and totally distinct from the true 
gneiss, to which they seem in the relation of an ancient superficial covering. We shall sec 
that probable representatives of the Bijawur rocks occur both in the Bone valley and in 
Behar; and that thus we may' at least get a hint as to the relative ages of the gneiss of the 
two areas. 

A large part of the subrnetamorphic area of the Sone valley is occupied by rocks 
that would well represent the Bijawurs—ferruginous slaty schist with quartzite, limestone, 
and much contemporaneous trap. They are much more disturbed than in Bijawur; it is 
even probable that they are affected by certain granitic intrusions. The uncertainty upon 
this and upon other unsettled points regarding their relation to the main crystalline area to 
the south is largely owing to the presence of another older series of slaty rocks in the Sone 
area. Thy Bijawur deposits are known to be somewhat fickle, but unless they are so boyoml 
all possible conjecture, there can be little doubt of the existence of this older series. In 
some of the best sections, notably in that of the Rebund, there is a clear transition from the 
coarse felspathic gneiss, through well marked stages of crystalline metamorphism, into a 
series of fine clay-slates, with plenty of intrusive greenstone, but in which none of the 
characteristic Bijawur rocks can he recognised. Where decided Bijawur rocks come in 
contact with the gneiss there is no such intimate relation between the two. Now that 
maps of this ground are available there is some prospect of our being able to unravel these 
obscure questions. 

The hills formed of the subrnetamorphic rocks in Behar appear generally as 
precipitous ridges of quartzite, either singly or massed together in groups. Even in the 

* The limestone of Der^oan, which I had doubtfully described as an outlier of the Lower Vindhyan limestone 
lias since been shown by Mr, l1’ K, Mallet to belong to the Bijawur series. 
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latter ease the inner vallies are so deeply eroded that it is often difficult to get a sight of 
the softer rocks contiguous with the hard quartzite. The Rajgir group is the most 
removed from the main crystalline area ; the rocks are less altered than elsewhere ; and 
it presents the best chance of discovering the normal order of succession of the strata. 
It cannot, however, he said that the strata here are less disturbed than elsewhere ; although, 
on the whole, the strike of the ridges and of the rocks is very constant to norttneast by east, 
the state of contortion could not well be aggravated short of presenting a great brecciated 
agglomeration. 'There are some sections in which there Seem to be several hundred feet 
of quartzite in regular succession. At some points also the line slaty schists present a very 
wide outcrop without any admixture of quartzite. Except very locally at the contact of 
the two there is no appearance of interstratiliention. It will presently be seen how essential 
it is to the geology of this whole region to ascertain the true order of succession of these 
two bands of strata. Some of my colleagues have considered the quartzite to be the bottom 
group; the supposition would alleviate some of our difficulties, and there are no doubt 
cases in which the schist now overlies the quartzite; but a close examination of the ground 
does not permit me to adopt this view; I consider that there is here but one great band 
of quartzite normally underlaid by a considerable thickness of argillaceous strata. There is 
only one spot at which these Rajgir rocks are seen in contact with others : along the whole 
south-east face of the range (at least at the several points at which I crossed it) nothing is 
seen immediately external to the quartzites; at about a mile from the base on this side there is 
one small outcrop of massive granitoid gneiss. On the north-west side the schists are very 
generally exposed; and at about the middle they form a wide fringe of low hills, on the 
outer margin of which, near (Thunsura, there is one good contact-section of the schists with 
a strong mass of granite. The relation is unmistakably one of intrusion ; there are small 
protrusions and ramifying offshoots from the granite into the sedimentary rocks, and enclosing 
angular fragments of them. Tins general effect on the schists is very noteworthy: there is 
little of what is usually considered as hypogene metamorphism ; the line of contact is 
sharply defined, and the schists tend rather to assume a homogeneous, trappoid aspect, 
than a foliated, quartzose, granitic one; the granite of the intrusions has lost much of its 
quartz. Elsewhere to the west, atSapineri. Eutturkati near Gya, and Muhair, and in 
other isolated outcrops, these re-actions are exhibited on a much larger scale ; idols and utensils 
are extensively wrought from the soft serpent lupus rock of the converted schists ; and some of 
the granite dykes yield a fine kaolin, the only considerable use made of which is to adulterate 
lime. 

To the south-east of the Rajgir bills the Bheowa range stands on the border of 
the crystalline area ; and further south, across the narrow valley of the Sukri, rises the fine 
hill-mass of Mahabnr, well in among the crystallines, and overlooking all the high land 
to the south. One cannot resist identifying the great quartzites of these ranges with those 
of Rajgir; and at. Mahabur we again find a thick underlying series of fine schists. There 
are, however, considerable changes to be taken into account: all the rocks are more metamor- 
phic than those of Rajgir; the quartzites are frequently full of small innate mica; and the 
schists are fine mica-schists, garnetiferous. and often with much globular felspar, but 
still the very kind of me.tamorphic rock that one might expect from the slaty' schists of 
Rajgir; and they are very markedly distinct from any variety commonly associated with 
the gneiss. Round the base of Mahabur I did not succeed in finding a section showing 
eveu au approximate contact with the surrounding rocks; but on the north flank of 
the Bheowa ridge there is a fair example of what the general relation of the two series 
in this region may be. At the north end of the Hurkur pass there are several line domes 
of granite ; they are excellent instances of a form of rock that is of frequent occurrence 
all over the gneiss area; a more or less faint foliation is generally traceable in it, and 
it never shows any attempt to throw out dykes ; it would seetu nevertheless highly probable 
that it is in some manner intrusive; the partial foliation (as Mr. Sarope has maintained) 
being due to traction in the viscid mass. The case before us is about the best evidence that 
could now be given in favor of such intrusion : one of these domes occurs close up to the 
ridge of quartzite, and the t wo rocks show distinct re-actions at the contact; the granite 
has lost its usual coarse porphyritie texture; the quartzite is more than usually charged 
with mica, and has a steep underlie from the granite; at the lower levels traces of the 
schists were observed. If the supposition that forces itself so strongly upon our judgment 
be correct, that these several hill-masses are remains of a once continuous formation of 
argillaceous, succeeded by quartzose, deposits, there could be no doubt left of the truly 
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intrusive character of these sub-gneissoicl granitic masses. On the same supposition the 
features of these Behar rocks, as thus far described, would fall well into harmony with 
generally received notions upon the process of hypogeue action,—that these southern 
portions of the formation, being contiguous to the main region of hypogene activity, 
have undergone general metanrorphism; while that portion at a distance from the centre 
exhibits special and partial intrusion, with a corresponding degree of metaniorphism. 

I must now attempt to exhibit those rock-features of the district which can 
scarcely be brought within, or which would seem anomalous in, the partial view that has 
been represented. The former are encountered in the sub-metamorphic rocks, and the latter 
in the gneiss, although it seems possible to bring them under one explanation. At about 
twenty miles to north-east by east, exactly in the run of the Rajgir range, and having the 
same strike, are the small hills of Sheikhpura. They also are principally formed of quart¬ 
zites in considerable thickness. Some of these could not be distinguished from those of 
Rajgir; many beds are tinted red, a feature not noticed in the Rajgir rock; and on the 
southern ridge there are schists distinctly intercalated with the quartzite. But the fact 
most irreconcileable with the view taken of the Rajgir series is that these Sheikhpura 
quartzites are certainly bottom-rocks. Along the whole face of the ridge over the town they are 
admirably exposed in contact with a coarse granitoid rock of very doubtful aspect. It is 
so thoroughly decomposed and so massi ve that one might readily fail to detect i ts true character. 
The quartzite, too, is steeply inclined against it, the beds in contact being of abnormal 
texture, and in a manner amalgamated with the surface of the rotten pseudo-crystalline 
rock. The section, however, at once reminded me forcibly of those I had seen eight years 
previously at the base of the Bijawur series in Bundelkuud. This conjecture made at 
Sheikhpura was fully confirmed ten miles further on in the same direction, where some small 
hills appear on the banks of the Kiu 1 close to the railway station of Luckieserai. The 
northern hill is formed of a coarse conglomerate, large and small sub-anguiar pieces of 
quartzites (I noticed none of crystalline rocks) in a matrix of gneissose schist; the dip is 
50 to south. The southern hill, only about 80 yards distant, is principally formed of an 
amorphous pseudo-granitic rock; but in it also strings of abraded detritus can be detected. 
On the south side this mass is overlaid by quartzites of precisely the same description and 
in the same manner as in the section at Sheikhpura. This section at L uckieserai most 
strikingly ressembles some in Bundelkuud, miles to westward ; and the rocks are so 
peculiar that whatever else is doubtful in the Beha r region, I am disposed to regard it as 
fixed that the Luckieserai beds are strictly geological representatives of the Lower (or rather, 
Intra.) Bijawurs. Now, the question is, can these belong in the same formation as the Rajgirs r1 
there are several suppositions possible : 1 may have mistaken the true order of the rooks of 
Rajgir, but this I am least inclined to admit; or, the real bottom rocks may not appear 
anywhere m the Rajgir sections, the junction at Uhunsura having cut through them; or, 
both may be bottom-rocks in their separate localities—how far are we at liberty to impose any 
fixed order upon the deposits, especially us the Bijawurs, which are in'a manner our 
standard of comparison, are known to be most changeable on the same apparent horizon. 
As it to,close this last mode of escape, or to push it to the uttermost, there occurs at Bichua. 
withm two miles to the north-east of Luckieserai, a. considerable hill, much larger than 
ttiose just noticed, composed entirely of fine ferruginous schists, exactly like those of 
tdijgii or of Mu hair; it is quite isolated m the alluvium. There still remains to bo 

tried the supposition we found necessary in the Sone Valley-the presence of two distinct 
series, hut more or less resembling each other in general metamorphic condition. To apply 
this supposition in the Behar region brings us into difficulties with the gneiss of the 
main crystalline area: in the Sane district the Bijawur representatives would certainly be. 
tr iZnT' of *wo senes there present; and in Behar, too, from what has been so 
have i^iwrhtr ds-alu (w*t^ thjs sump view; but here we find that the series which we 
toZltt% aS9Undat@d. t0 the Bijawurs identifies itself most closely with at least one 
common torn or the great gneiss ol Bengal. 

The Kurrukpnr hills form the largest of the Behar groups. The general features 
are very sum ar to those already noticed; steep ridges of quartzite rising from the low 
ground on all sides. Schists occur abundantly within the range. The contortion of 
the strata is excessive, just as m the Rajgirs. Gneiss appears close to the base on 
the east and south sides : and on the west and north granitic crystallines occur within 
short distances. The Gbiddour range lies to the south-west of the Kuiruckjuu's betwee'n 
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them and the Bhcowa ridge; here also the general appearance is similar to that of the 
other principal hill groups. 

Upon these general considerations of similarity of structure, position, and to a great 
extent of composition, one would not hesitate to suppose the rocks of all these eastern groups 
to belong to the same formation as the Rajgirs &c.;it is the conflicting evidence of the bottom- 
rocks, as already noticed, that would suggest a doubt—in the best sections I have seen at 
the base of the Kurruckpur and Ghiddour hills, the rocks near the great quartzites 
resemble those of Luckieserai. Although it would still he possible that there are two 
series of equal magnitude, and so closely resembling, yet quite distinct, the presumable un¬ 
likelihood of such being the ease would quite outweigh all the difficulties to their complete 
identification ; and it is only on the supposition of the sections to which I allude proving 
deceptive that 1 would venture to suppose there being any separation at all among 
these rocks, further than what may exist between the groups described in Bijawur 
to which 1 would then consider them parallel. The case I would explain is well exhibited 
at the east end of the Ghiddour range : for some distance a low flanking ridge follows the 
curve, and close to the base, of the great cliff of quartzite ; it is principally formed of a coarse 
schist,-conglomerate, sub-angular pieces (some are six inches across) of quartzites undistinguisli- 
ablc from those of the cliff, even to the peculiar innate mica; still the rock is thoroughly 
metamorphic, with the pebbles firmly soldered to the matrix. The underlie of this rock here is 
30° to 50° westwards, thus apparently underlying the rocks of the range above. At the sout h¬ 
east, angle, however, instead of following the run of the range westwards, it trends away to 
south and south-east, with very low dips, and completely identifies itself with the similarly 
arranged gneiss, schist and subordinate quartzite that cover so much of the low ground. 
1 have little doubt, in identifying these rocks with those at Luckieserai; and it appears to 
me more than doubtful that they truly underlie the Ghiddour quartzites. There is ample 
evidence on record of younger, apparently passing under older, deposits; and without involving 
the inversion of either. On the strength of their much more advanced type of metamorphism, 
these gneissic rocks at the base of the Kurruckpur and Ghiddour ranges have been 
considered altogether more ancient, than the rocks of the hills; but if the suggestion now 
made be confirmed, that order will have to he completely reversed. 

The same conjecture occurred to me from an independent point of view in the 
neighbourhood of Mahabur. Within about amile of the cast end of this ridge, right in the 
axis of its strike, we find these associated layers of tough mica-schist, hornblende-schist,, 
gneiss, and subordinate quartzite, covering considerable areas at low undulating angles of 
disturbance. I was quite unable to conceive how such rocks could have been where they are 
at the time when the great quartzites were so intensely plicated, and the schists below them 
received their steady cleavage. The foliation of the Mahabur schists is cleavage-foliation; 
that of those other rocks is strictly lamination-foliation. This mechanical objection is at 
least as valid as the chemical one to which it is opposed, and which would determine the 
relative ages by relative metamorphism. But, indeed, there is little to choose between on 
ibis score here, for the Mahabur schists are often gneissose, containing much felspar. 

lu connection with this question of relative ages, it is necessary to notice the 
structure of the ranges as related to their distribution. Their isolated positions are not 
simply due to denudation : it is certain that the matter removed from between them at 
their present common level consisted in great, part of crystalline rock. Uniform as is the 
general strike of the ridges, the termination of the ranges does not present a serrated front; 
the quartzites of the outer longitudinal ridges are bent, round in a sharp regular curve, form¬ 
ing a continuous ridge of equal or greater elevation at the curve, with a precipitous external 
face, and generally an equally regular converging internal underlie. This feature is more 
especially well marked on the eastern aspect. In the larger groups there are internal 
features of the same kind ; the contortion presenting a two-fold system of corrugation, one 
of which (the east-west one) greatly predominates, producing the marked longitudinal out¬ 
line of the ranges. The cleavage and its foliation in the schists have been observed to follow 
these same curves. It vras partly upon this evidence in the Rajgir group—that one can 
walk from any one ridge to any other without crossing a band of the schists which appear so 
freely in the enclosed valleys—that I inferred the supraposition of the quartzites. The 
drainage of these internal valleys does not take place endways, hut, by narrow gaps cut 
through the longitudinal ridges of quartzite. Outside the hills granitic rocks are sometimes 
sotm in front of these abrupt terminations of the quartzite ranges. Thus it would seem as 
if the existing masses of the sub-nietarnorphic rocks had occupied areas of locally greater 
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depression at the time of the first great granitic invasion; and that to this we may owe 
their ultimate preservation as hill ranges. The feature is well exhibited in Mahabur: the 
axis of the range would strike up a reach of the Sukri, and on each side of the river there 
is an elongated oval of granitoid rock, as of denuded domes. The characteristic arrangement 
of the doubtful gneissic rocks is also better shown here than anywhere I could mention: 
they appear as regular concentric coatings to the granitoid masses. The area on the south 
is less elevated, and the diverging dips of the covering rocks range from 5° to 20°; on the 
northern area they are much steeper as if exposed lower down on the sides of the mass they 
envelope, but the regularity of the encircling ring is unbroken, and of the same description 
of rock as on the south, but in thicker masses. Upon the usual evidence of regularly alter¬ 
nating stratification of highly contrasting materials, it is not, I presume, to he questioned 
that these are true detrital accumulations remineralized; and it might, I suppose, be 
maintained on the strength of some misunderstood process of hypogene intrusive action that 
they may have underlaid the Rajgir formation; or it might even be said that the strati- 
graphical features of the Mahabur region suggest such a relation. But from the evidence 
before us, I confess to a preference for the contrary supposition : it would require that after 
the great disturbance and metamorphism of the Rajgir series the whole area was 
denuded to a much greater extent than now, and that upon the surface thus exposed 
these accumulations took place, probably of some arkose-like materials, very susceptible to 
mineral reorganization. Such must have been the composition of the bottom-infra-B i j aw u r s .* 
In this Behar area, however, there is ample evidence of a later granitic invasion: in the 
southern tributaries of the Sukri there are fine sections of great granite dykes traversing all 
the rocks transversely. This granite is very different from that already noticed; it is highly 
crystalline; in the centre of the dyke the felspar and quartz form a coarse graphic granite, 
with associated schorl and beautifully plumose mica. The view I have proposed would imply 
a prodigious relative antiquity for the Rajgir formation. 

The views that have now been presented in connection with the submetamorphic 
series have manifestly very direct bearing upon the rocks of the great gneissic area. Suppos¬ 
ing the conjecture regarding the extensive representation of the peculiar infra-Bijawurs to 
be correct, there would be four principal geological divisions to be discriminated and 
mapped, exclusive of all later granites, &c. 1st. There would be the gneissoid granite, 
which would seem to be largely present, to he distinguished from true metamorphic gneiss. 
I should despair of settling this point without the extensive application of microscopical 
analysis of the rocks ; indeed it remains to be seen whether even this test would furnish 
a criterion, whether the crystals of such a rock would not assimilate more to metamorphic than 
to fully igneous products, 'lad. It is more than probable that associated with that granite we 
■should find a most ancient gneissic formation long anterior to the metamorphism of the 
Rajgirs, and possibly equivalent to the gneiss of Bundelkund. 3rd. We should probably 
find remnants of the Raj girs in their gneissose form. On this point there is some inform¬ 
ation at hand : far within the great crystalline area, near the Grand Trunk Road north of 
Burhi, there is an inlier of typical Mahabur (Rajgir) schists. If they always remain so 
characteristic there will be no difficulty in recognising them. Even here they are attended 
by the encircling ring of variable quartzites, having high converging dips towards the 
schists, which occupy the lowest ground in the neighbourhood on the banks of the Barrakar. 
The quartzites form a narrow ridge round them, and would belong to our next division. 
4£/t. There would be the hypothetical infra-Bijawurs. The establishment of this series 
would probably relieve our field work of some perpetually outcropping difficulties, especially 
in the shape of isolated, discontinuous runs of quartzites and breccias. But apart from these 
more characteristic beds, I could not now assign a lithological criterion for this series gen¬ 
erally : as has been seen they even simulate granitic masses. Great irregularity and discon¬ 
tinuity is one of their features; although frequently presenting excessive contortion, as if when 
caught between two resisting masses, they are generally comparatively little disturbed; and 
what disturbance they exhibit seems to be largely determined in direction by local circum¬ 
stances, resulting in great irregularities of dip. In Bundelkund, where they were first detected, 
these beds seem to have but little extension ; but in Bengal they seem to occupy large areas : 
I have observed rocks of this description in far distant localities of the great gneissic area. 

Janumy 1869. 

* As a more recent parallel for such kind of deposits, I would refer to the felspathie beds of the lower Vindhyans 
as exposed in western lfehar, to south-west of Kutumbeh. 
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ACCESSIONS TO LIBRARY, 

From 1st January to 31st March 1869. 

Titles of Books. Donors. 

Adams, A. L.—Wanderings of a Naturalist in India, the Western Himalayas and Cashmere, 
8vo., Edinburgh, 1867. 

Bastian, Dr. A. —Das Bestandige in den Menschenrassen und die Spielweite ibrer Verander- 
lichkeit, 8vo., Berlin, 1868. 

Benbcke, Dr. E. W,— Geognostisch-palaontologisehe beitrage, Bd. II, Hf. I, 8vo., Mini- 
chen, 1868. 

Bourguignat, M. J. R.—Mollusques nouveaux litigieux ou peu connus, Fascl. IX, 8vo., 
Paris, 1868. 

Chaillu, Paul L. or. A journey to Ashango-land: and further penetration into equatorial 
Africa, 8vo., London, 1867. 

Collingwood, C. Rambles of a Naturalist on the shores and waters of the China Sea, 8vo., 
London, 1868. 

Congees International^d'anthropologie et d’Archeologie prehistoriques, Liv. 2, 8vo., Paris, 

Cuvier, Georges.—Les mollusques decrits et figures dapres la classification de, 520 figures, 
8vo., Paris, 1868. 

Darwin, Charles.—The variation of animals and plants under domestication, Vols. I, II, 
8vo., London, 1868. 

Desor, E. et Lobiol P. de.—Echinologie helvetique. Description des oursins fossiles de la 
Suisse, Liv. 1, Tables 1-4, Text. 1-4, Fob, Paris, 1868. 

Frankenheim, Dr. M. L.—Zur Krystallkunde, Bd. I, 8vo., Leipzig, 1869. 

Gerstaeckeu, Dr. A.—Klassen und Ordnungen des Thier-Reichs, wissenchaftlich dargestellt 
in Wort und Bikl., Bd. V, Lief. 7, 8, 8vo., Leipzig und Heidelberg 
1868- n 

Guenther, A. C. L. G—The record of zoological literature, 1867, Vol. IV, 8vo., London 
1868. 

Hayes, Dr. J. J.—The open Polar Sea, 8vo., London, 1867. 

IIon, II. Le. L Homme fossile en Europe, son industrie, ses moeurs, ses oeuvres d art, 2nd 
edition, roy. 8vo., Bruxelles and Paris, 1868. 

Keepely, A. K.—Bericht fiber die Fortschritte der Eisenhutten Technik im jahre 1866, 
jahrg. 3, 8vo., Leipzig, 1868. 

Lartet, E., and Christy, H.—Reliquiae Aquitaniese, Pt. VII, 4to„ London, 1868. 

Lesley, J. P.—Man’s origin and destiny sketched from the platform of the Sciences, 8vo., 
London, 1867. 

Lindenschmit, Dr. L.—Die Alterthiimer unserer heidnischen Vorzeit, Bd. II, Lief. 10, 4to., 
Mainz, 1868. 

Lottnee, B. II.—Leitfaden zur Bergbaukunde, Lief. I, 8vo., Berlin, 1869. 

Mackenzie, G. M.—The Turks, the Greeks, and the Slavons. Travels in the Slavonic 
Provinces of Turkey in Europe, 8vo., London, 1867. 

Malleson, Major J. B.—History of the French in India, 8vo., London, 1868. 

Martini und Chemnitz.—Systematised Con chy lien - Cabinet, Bd. XI, Hf. V, Lief. 187, 
and HI. VI, Lief. 188, 4to., Nurnburg, 1868. 

Mayr, Dr. G. L. Beitrage zur Naturkunde Preussens, herausgegehen von der Koniglichen 
Physikalisch-Oekonomlschen Gesellschaft " zu Konigsberg. I, Die 
Ameisen des Baltischen Bernsteins, 4to., Konigsberg, 1868. 
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Milne-Edwahds, M. A.-—Recherches anatomiques et paleontologiques pour servir a l’liistoire 
des oiseaux fossiles de la France, Liv. 23, 24, 25, 4to., Paris, 1867. 

Moore, J. Scott.—Pre-glacial man and Geological Chronology, 8vo., Dublin, 1868. 

Nilsson, S.—Das gteinalter oder die Ureinwohner des Scaridinaviscben Nor dens, 8vo., edited 
by J. Mestroij Hamburg, 1868. 

Owen, Richard.--Anatomy of Vertebrates, Vol. Ill, Mammals, 8vo., London, 1868. 

Pfeiffer, Db. L.—M allograph in heliceorum viventium, Vol. VI, 8vo., Lipsise, 1868. 

Schlagintweit-Sakunlunski, Hermann von.—Reisen in Injien und Hochasien, Bd. I, 
roy. 8vo., Jena, 1869. 

Shepherd, C. W.—The north-west Peninsula of Iceland, 8vo., London, 1867. 

Swayne, G. C.—Lake Victoria. A narrative of exploration in search of the source of the Nile, 
compiled from the Memoirs of Captains Speke and Grant, 8vo., Edin¬ 
burgh and London, 1868. 

Tennent, Sir J. E.—The Wild Elephant; and the method of capturing and taming it in 
Ceylon, Svo., London, 1867. 

Timbs, J.—The year-book of facts in science and arts, 8vo., London, 1868. 

Vambery, A.—Sketches of Central Asia, 8vo., London, 1868. 

Zittel, Dr. K. A., and Oppel, Dr. A.—Palieontologische mittheilungen aus dem Museum 
des Koenigl. bayer. Staates, Bd. II, Abth. 1, Text. roy. 8vo., Atlas, 
Fol. Stuttgart, 1868. 

Periodicals. 

American Journal of Conchology, 1868, Vol. IV, Pts. 2, 3, 8vo., Phil., 1868. 

American Journal of Science and Arts, 2nd Ser., Vol. XLVI, Nos. 137, 138, 8vo., New Haven 
1868. 

Annals and Magazine of Natural History, 4th Ser., Vol. II, No. 12, Vol. Ill, Nos. 13, 14, 
8vo., London, 1868. 

Annales des Mines, Ser. VL Tom. XIII Liv. 3 1 ^ 
Tom. XIV, Liv. 4, 5 j ’ 

L’Administration des Mines. 

Annals of Indian Administration, 1866-67, Vol. XII, Pts. 2, 3, 8vo., Serampore, 1868. 
Government of India. 

Engineers’ Journal, Calcutta, New Ser., Vol. XI, No. 12, Vol. XII, Nos. 13,14,15,4to., Cal., 1868. 

Geological Magazine, Vol. V, Xo. 12, Vol. VI, No. 1, 8vo., London, 1868. 

Indian Annals of Medical Science, No. XXV, 8vo., Calcutta, 1869. The Editor. 

Journal de Conchyliologie, 3rd Ser., Vol. XVII, Tom. IX, No. 1, 8vo., Paris, 1869. 

Neucs Jahrbuch fur Mineralogie, Geologie und Pahcontologie, 1868, VII, 8vo., Stuttgart, 1868. 

Novitates Conchologicai, Suppl. III. 14, 15, 4to., Cassel, 1868. 

Palseontographica, XVIII, 4, 5, 4to., Cassel, 1868. 

Petermann, Dr. A., Mittheilungen—1868, XI, XII, 4to., Gotha, 1868, and Suppl. 25. 

Quarterly Journal of Microscopical Science, New Ser., No. XXXIII, 8vo., London, 1869. 

Quarterly Journal of Science, Vol. VI, No. 21, 8vo., London, 1869. 

Records of the Geological Survey of India, Vol. II, Pt. 1, 8vo., Calcutta, 1869. 
Geol. Survey of India. 

Government Selections, &c. (from the Governments). 

Bengal.—Report on the statistics of the prisons of the Lower Provinces of the Bengal 
Presidency from 1861 to 1865, by F. J. Mouat, Esq. 

Government of Bengal. 
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Titles of Bools. Donors. 

Bengal.—Report on the legal affairs of the Bengal Government for the year 1867-68. 
Government of Bengal. 

„ Report on the vaccination proceedings throughout the Government of Bengal 
(proper); with an appendix. Government of Bengal. 

„ Report on land Revenue Administration of the Lower Provinces for the official year 
1867-68. Government of Bengal. 

„ Report on the Government Charitable Dispensaries of Bengal (proper), for the 
year 1867. Government of Bengal. 

„ Distances of sub-divisions from stations in Bengal, with the Districts and Divisions 
in which they are situated. Government of Bengal. 

„ Report on the Revenue Survey operations of the Lower Provinces from 1st 
October, 1867, to 30th September, 1868. 

Major Macdonald. 

British Burmah.—Annual Gaol Report of British Burmah for 1867. Extract from Pro¬ 
ceedings in Home Department No. 230. 

Chief Commh., British Burmah. 

„ Excise Report of British Burmah for 1867-68. Extract from Proceedings 
in the Financial Department No. 135. 

Chief Commr., British Burmah. 

India.—Reports received from Her Majesty’s Secretaries of Embassy and Legation respect¬ 
ing coal. Government of India. 

„ Selections from the records of the Government of India, Home Department, 
No. LXIX. Papers relating to Cattle Diseases. 

Government of India. 

„ Ditto ditto, No. LXVII. Note on the state of education in India during 
1866-67, by A. P. Howell, Esq. 

Government of India. 

„ Annual Report on the operations of the Post Office of India for the year 1867-68. 
Government of India. 

Madras.—Selections from the Records of the Madras Government, No. X. Annual Report 
of the Madras Medical College, sessions 1867-68. 

Government of Madras. 

„ Report on the administration of the Madras Presidency during the year 
1867-68. Government of Madras. 

Mysore, Coorg.—Statistical Returns. 1867-68. Chief Commr., Mysore. 

N. W. Provinces.—Report on insects destructive to woods and forests, by R. Thompson, Esq. 
Govt, of N. W. Provinces. 

„ General Report of the Revenue Survey operations of the Upper Circle 
for seasons 1867-68. Col. J. E. Gastrell. 

Punjab.—Hand-book of the economic products of the Punjab, with a combined index and 
glossary of technical vernacular words, Yol. I. Economic raw 
produce. Government of Punjab. 

„ Report on popular education in the Punjab for the year 1867-68, by Captain 
W. R. M. Holroyd. Government of Punjab. 

„ Report on public administration in the Punjab and its dependencies for the year 
1867. Government of Punjab. 

„ Report on the police administration of the Punjab and its dependencies for the year 
1867-68. Government of Punjab. 

„ Report on the administration of Civil Justice in the Punjab and its dependencies 
during the year 1867. Government of Punjab. 
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Punjab.—Selections from the records of the Government of the Punjab and its dependencies. 
New Ser. No. 1. Notes on the Bunnoo district, by Major H, B. 
Urmston, Deputy Commissioner. Government of Punjab. 

Selections from the records of the Government of the Punjab and its dependencies. 
New Ser. No. 2. Mem. on routes from Punjab to Eastern Turkistan. 
by T. D. Forsyth. Report on route toKarakash river via the Chang- 
chenmoo valley and Pass, by Dr. Cayley. Government of Punjab. 

„ Report on the Revenue Administration of the Punjab and its dependencies for 
1867-68. Government of Punjab 

Transactions of Societies, &c. 

Boston.—Annual report of the Trustees of the Museum of Comparative Zoology at Harvard 
College in Cambridge, together with report of the Directors, 1866. 
Senate No. 52, 8vo., Boston, 1867. Trustees of the Museum. 

„ Conditions and doings of the Boston Society of Natural History, as exhibited by 
the annual reports of the Custodian, Treasurer, Librarian, and Curator 
for 1867-68, 8vo., Boston, 1867-68. The Society. 

„ Annual report of the Boston Society of Natural History, 1868-69. I, 8vo„ Boston, 
1868. The Society. 

„ Proceedings of the Boston Society of Natural History. Vol. XI, pp. 97-486. 
1866-68, 8vo., Boston, i866-68. The Society. 

Calcutta.—Journal of the Asiatic Society of Bengal. Pt. II, No. 1, 8vo., Calcutta, 1869. 
Asiatic Society of Bengal. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 1, 2, 3, 8vo., Calcutta, 1869. 
Asiatic Society of Bengal. 

Edinburgh.—Proceedings of the Royal Society of Edinburgh, Vol. VI, No. 74, 8vo., Edin¬ 
burgh, 1867-68. The SociETYr. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXV, Pt. 1. 4to.. 
Edin., 1867-68. The Society. 

Lausanne.— Bulletin de la Societe Vaudoise des Sciences naturelles, Vol. X, No. 60, Svo.. 
Lausanne, 1868. The Society 

London.—Proceedings of the Royal Society, Vol. XVII, Nos. 106-107, 8vo., London, 1868. 

The Society 

„ Quarterly Journal of the Geological Society, Vol. XXIV, Pt, 4, No. 96, 8vo., 
London, 1868. The Society. 

List of the Geological Society of London, 1868, Svo., London, 1868. 
The Society. 

Journal of the Society of Arts and of the Institutions in Union, Vol. XVI. 
Nos. 830-835, Vol. XVII, No. 836,8vo., London, 1868. The Society. 

Memoirs of the Geological Survey of Great Britain and of the Museum of 
Practical Geology. Mineral Statistics of the United Kingdom of 
Great Britain and Ireland tin' 1867, by R. Hunt, Esq., 8vo., London. 
1868. Geological Survey of Great Britain. 

Moscow.—Bulletin de la Societe imperials des naturalistes de Moscow. Tom. XLI, No. 1. 
8vo., Moscow, 1868. The Society. 

Paris. Bulletin de la Societe Geologique de France, 2nd Ser., Tom. XXV, No. 4, 8vo., 
Paris, 1868. The Society. 

Penzance. The fifty-first, fifty-second, fifty-third, and fifty-fourth annual reports of the 
Council of the Royal Geological Society of Cornwall, 8vo., Penzance, 
1868. The Society. 

<1 
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Philadelphia.—Journal of the Franklin Institute, Yol. LVI, Nos. 4, 5, 8vo„ Philadelphia, 
1868. Franklin Institute. 

„ Proceedings of the American Philosophical Society, Vol. X, No. 77, 8vo., 
Philadelphia, 1867. The Society. 

Salem.—Proceedings of the Essex Institute, Vol. V, Nos. 6, 6, January to June 1867, 8vo., 
Salem, 1867. The Institute. 

Toronto.—The Canadian Journal of Science. Literature and History, New Ser. (Vol. XII, 
No. 1), whole No. LXVII, 8vo., Toronto, 1868. 

Canadian Institute. 

Vienna.—Jahrbuch des Oesterreichisehen Alpen-vereines, Bd. IV, 8vo., Wien, 1868. 

Victoria.—Geological Survey of Victoria, quarter-sheet maps. Nos. 13 N. E., 14 N. W. 
and 26, S. E., with Sections, Fol. 8vo., and a pamphlet, Melbourne, 
1868. Geological Survey, Victoria. 

Washington.—An account of the total eclipse of the sun on July 18th, 1860, as observed 
near Steilacoom, Wash. Terr., 4to., Washington, 1861. 

Smithsonian Institution. 

Annual report of the Board of 'Regents of the Smithsonian Institution, 
showing the operations, expenditure, and condition of the institution 
for the year 1866, 8vo„ Washington. 1867. Tnu Institution. 

Geological Researches in China, Mongolia, and Japan during the years 1862- 
1865, by R. Pumpslly, Esq., Smiths'mian contributions to knowledge, 
202. 4to., Washington, 1866. The Institution. 
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Preliminary Notes on the Geology of Kutch, Western India, resulting from the 

examination of that district, now in progress, hy the Officers of the Geological Survey, 

by A. B. Wynne, E. G. S., &c. 

The detailed examination of this province has been long looked forward to with interest, 
as promising to east light upon the geology of other parts of India where fossil land 
plants similar to some of those occurring in Kutch have been found to characterize an 
extensive group of rocks and are almost the only fossils which those rocks contain. 

These plants were known to he associated in Kutch with a large number of marine 
fossils, the Jurassic age of which was determinable, but the relations between the beds con¬ 
taining forms so distinct had still to be ascertained. 

With this view a hasty visit was made to the district of Kutch by Mr. W. T. Blanford 
of the Geological Survey, in 1863, and the conclusions to which his observations led appeared 
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.) 

Except this comparatively recent paper other sources of information regarding the geology 
of the country, prior to the present investigations, were almost limited to a paper by Captain, 
since Major, Grant, read before the Geological Society of London in February, 1837 ; some 
remarks upon it hy Dr. Carter in “Geological Papers on Western India" published by_the 
Bombay Government in 1857; a record of some fossils by Colonel Sykes (Geological Society, 
London), and an interesting notice in Sir Chas. Lyell’s “ Principles of Geology,” describing 
the effects of the earthquake of 1819, the elevation of the “ Allah Bund,” and submergence 
of Sindree village on the Runn, north of Lnkput. 

Of these Captain Grant’s paper is the most detailed, but while it contains many 
valuable facts, several of these seem to have been affected to distortion Joy geological theories, 
or views, which have vanished since he wrote, and also by a misappreciation of the stratigra¬ 
phic arrangement of the rocks. The four or five-fold sub-division adopted by him, being 
natural, is correct, though the sequence was mistaken. 

The Rocks classified. 

The following may indicate the ultimate arrangement of the larger rock-groups, some of 
the newer ones being perhaps capable of further sub-division : 

C Blown sand. 
Recent and Sub-recent ... J Alluvium. 

Tertiary 

Stratified traps and Intertrappean. 
Upper Jurassic (F Rajmabal.) 
Lower Jurassic (“ Dogger," or Middle Jurassic.) Jurassic 

Intrusive Traps. 

[The syenite of Parkur-Nuggur, Kalinjur hill, &c., at the north-east corner of the 
Runn might he added to the above as the nearest base known for the Jurassic rocks ] 
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Of these the two Jurassic groups appear to have been transposed by Captain Grant under 
the names of “Older and Newer Secondary.” The traps were looked upon as almost solely 
intrusive masses; their interstratifieation with aqueous beds being indicated at some places 
where association merely occurs, and at others where intrusion between stratified aqueous rocks 
takes place. 

Locality and Features. 

The province of Kutch lies upon the west coast of Hindustan, about 400 miles north-west 
of Bombay, between the sea-ports of Kurrachee and Surat, or the provinces of Kattywar 
and Sind. 

It is bordered on one side by the Arabian Sea and Gulf of Kutch, while upon all others it 
is isolated from the main land and the Thun* or little desert, by the grand and smaller 
Gunns which are connected at the eastern side of the province. Its length from east to west 
is much greater than its breadth,* and, including the Gunn, its area is estimated as being 
equal to about half that of Ireland.f 

The whole province presents numerous alternations of hilly ground and open plains, 
sandy when covered by* the detritus of the rapidly decomposing Jurassic rooks, and more 
earthy when underlaid by the Tertiary formation, both passing, towards the southern coast, 
into broad alluvial plains of ordinary Indian aspect. 

The hills are perhaps as often clusters as extended in the form of ranges, though these 
latter do occur; and more or less continuous escarpments rising with the outcrop of some of the 
stronger beds are very frequent. A broken chain passes nearly east and west through the 
Gunn islands of Putchum, Khurreer and Bela to Chorar, (in the former being flanked by a 
smaller range):—another borders the Gunn on the north side of Kutch Proper:—one, called 
the Charwar range, runs east and west to the southward of Bhooj, the capital of the province: 
and there are lesser ranges in other parts of the district, with many clusters and isolated 
hills frequently conical in form. 

The hills of the Wagur or eastern side of the district, take no definite direction. They 
are the denuded remnants of what would have been a somewhat flattened and rolling dome 
shaped mass if their strata were continuous instead of having been extensively operated 
upon by denudation. 

There are no lofty elevations in Kutch ; that, which is reputed to be the highest, namely, 
Dhenodur hill, overlooking the Gunn on the western side of the province giving a measure¬ 
ment (by Aneroid) of but 1,070 feet above the Gunn ; several others, however, have elevations 
not greatly* less.J 

Nearly all the ranges and many of the bills are steeply scarped on the north, and pass 
by gentle slopes into the plains to the south as a consequence of their structure, the beds in 
genera] having long southerly inclinations at low angles from three parallel lines of disturb¬ 
ance or dislocation which extend, 1st, from Putchum Isle to Chorar; 2nd, from Lukput, along 
the south edge of the Eunn, to Doodye towards Wagur; and 3rd, from near Eolia to the neigh¬ 
bourhood of Butehao, passing at the northern loot of the Charwar hills. North of these 
lines, and just in their vicinity, the beds are much contorted, their highest inclinations being 
always in a northerly direction. 

The trap hills, particularly those formed of intrusive traps, are frequently surrounded 
by precipices, or else sharply peaked; an irregular range, however, formed of, or capped by, 
the bedded traps, running north-west from their broadest development in the Dora hills near 
the centre of the province out through its western half, follows the usual rule presenting 
long slopes upon the dip and steep ones along the outcrop of the beds. 

The northern side of the province, generally speaking, has much diversity of form, being 
often picturesque, while, owing to the absence oi' jungle and prevalence of sand, its aspect is 
nevertheless barren; particularly when the view lies across a parched and glaring plain edged 

* According to Captain Grant the extreme length ie about 180 miles, and extreme width 60. 

t ’ Ketch Selections.’ a collection of papers by various British Officials, published by the Bombay Government, 

t Since writing the above, the height of a mountain in the Bunn island of Putchum has been taken by Aneroid 
and found to exceed by some hundreds of feet any elevation measured in Kutch Proper. Dhenodur hill is not a 
volcano—see paper by Mr. Blanford, above mentioned. 
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by rugged bills, beyond a bright green patch with a few lonely palms, or other trees, near 
some village where wheat is laboriously cultivated with the aid of irrigation, and smoky clouds 
of sandy dust, raised by passing cattle, are driven before the northerly blast, from which 
those working at the weils shelter themselves by screens. 

The peculiar bare, level and extensive plain called the Itunn of Kutch is not a marsh, as 
represented upon some maps. It is periodically covered by water during the rains, and left 
dry, except a few patches, shortly after they have ceased; when those lower portions on which 
the water has lain the longest become strongly incrusted with salt ,—this frequently extending 
as far as the eye can reach:—its dazzling surface flickering in the mirage, which magnifies or 
distorts any object that may happen to be upon the horizon. The source of the salt is 
probably from sea water, this being said to overflow the Itunn, entering by the low ground 
at the mouth of the Koree river near Lukput, and also at the head of lie Gulf of Kutch, 
when the sea on the coast is raised by the continued south-westerly monsoon winds.* However 
this may be, the waters from Kutch itself are strongly impregnated with salt derived from 
the rocks, great quantities of which in solution must be carried out to the Itunn when¬ 
ever there is sufficient rain to fill the rivers. 

Although the incrustation is not very thick, being generally from one to two and a half 
inches, the quantity occurring on the Emm is enormous, and the way in which fish, msects 
and such organic remains brought in by the sea or down from the land by the Bun ass and 
other rivers are preserved by the salt is evidence of the strength of the solution, if that were 
wanting. 

Notwithstanding that traces of marine 'denudation are slight and scarce along the 
southern shore of the Rurm,- having been probably removed by subsequent atmospheric action- 
its whole aspect strongly suggests its being a gradually raised sea-bottom ; a broad and 
slightly elevated tract- called the Bunnee, lying along its southern side between Put-chum 
Isle and Kutch Proper, beiug very possibly a hank or bar formed by the rivers which flow 
from the higher land in that direction. Over this tract coarse grass, a heathery looking tufted 
plant and Babul trees arc irregularly distributed. 

Some of the results of the great earthquake by which this country was visited in 1819 
are still to he seen in the fallen walls of several of the towns, in the “ Allah Bund,”f a low 
elevation, thrown up by it, which is said to have permanently arrested the southward flow of 
the water of the Koree or eastern mouth of the Indus, and in the submerged village of 
Sindree on its left- hank; part of the ruins of the fort only being visible above the mud, 
salt and water by which they- are now surrounded, no other trace of the village remaining, 
and the basements of the building seen being buried in the silt. 

Tradition has it that this was formerly the sito of a large city surrounded by villages 
and fields, and to which the tidal ebb and flow reached: subsequently (from elevation ol 
the land probably) the river became so shoal that boats could not roach the port; the 
city was in a great measure abandoned, and another Sindree built several miles further down 
the river at a place called Siudu on the map. Here the same thing recurred, and Sindu 
was deserted, a new city rising at Lukput, mice an important place, hut now consisting of 
a- few houses in one end of the walled in enclosure. At present boats cannot come even 
so far as this, and Lukput- Bunder is at a distance of three or four miles, while the sea trade 
is conducted at Kotaisir close to the old mouth of the Koree river. IIow far the first part 
of this statement- may ho true is involved in considerable uncertainty, hut it is said there arc 
records in the Dvftter at Bhooj which would prove the accuracy of some portions of it at 
all events. 

JlJIUSSIC HOCKS. 

The Jurassic rocks occupy a largo portion of the northern half ol the province extend¬ 
ing through it almost from end to end, and also forming the hilly parts of the Runn islands 
before mentioned. The bold scarps and rugged hills exhibit numerous fine sections, showing 
plainly the structure of the country through which, notwithstanding repeated rolling undu¬ 
lations of the beds and some very marked anticlinal flexures, many recurring southerly and 

* It does not appear to what extent this has been proved, though from the aspect of part of the coast, 
it seems likely to be the case, 

t Mound of God. 
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south-westerly dips place the lowest beds along the north side of the district, except where 
a great fault coinciding with the northern foot of the Charwar range causes them to re-appear 
in its centre. 

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick and 
thin light-coloured sandstones and hard silicious flags, with some more calcareous varieties, 
and in some places quantities of dun-colored and gray compact earthy or sandy limestone. 
Pale-purple sandstones and some highly ferruginous bands also occur, the whole presenting 
so many varieties of color and kind that its general lithological aspect is seen to differ from 
that of the uppermost Jurassic rocks, sufficiently to warrant an attempt at sub-division, 
only by regarding the group as a mass and leaving details aside. The passage from the 
lower beds to the upper is so gradual that no very definite boundary can be assigned between 
them. Still there is a difference at the extreme ends of the series which would at once 
prevent their being mistaken for each other, and which, it is supposed, led to their separation 
into two groups by Captaiu Grant. 

Owing to the numerous faults, undulations and the general lowness of their dip, the 
thickness ot this great series of Jurassic rocks is difficult to determine with accuracy, but it 
has been assumed, from observations in the part of the district lying eastward of Bhooj, to 
reach from 4,000 to 5.000 feet, of which measured sections of over 2,000 feet have been 
made in the lower portion of the group ; and there is no reason to suppose its aggregate 
thickness to he less in the western side of the province. Throughout this large accumula¬ 
tion of strata there is a marked absence of regular zones, indicating successive stages of 
deposition, and while in sueh an assemblage of coarse sandstones and muddy shales with 
trequent conglomeritic beds much constancy of lateral extension might not he looked for, 
and marks ol succeeding zones he probably obscure or absent, no want of material seems to 
have existed to supply new or similar layers for those which may have died out. The whole 
formation, particularly in its upper beds, maintains the same characteristics of obliquely 
laminated strata alternating with finer and more parallel deposits, all of richly varying tints, 
from black to white, blue, red, orange, brown and gray, and sometimes green with a peculiar 
golden oolite among the lower rocks which glistens like a.vanturine. 

The lower beds on weathering take frequently a rusty color, and dull olive tints are com¬ 
mon, while, where the beds are highly calcareous, a whole, mountain formed of them with 
rounded outlines and a whitish hue m sunshine looks cool, and in cloudy weather as gray 
as any granite hill. Thick bands of a warm orange sandy limestone with some red beds 
occur also in the lower rocks, and many of their shales are gypseous. 

The upper beds are marked by a predominance of clean white gravelly sandstone with 
some blackish ferruginous bands and while or lavender-gray, sometimes highly carbonaceous, 
shale. Between these and the lower beds alternations of almost every variety of rock in 
the formation occur, ranging through a vertical space equalling a third of the total thickness 
if not more. Many of the beds in both groups are strongly saline. 

The lowest beds are much the most fossiliferous, and the remains are chiefly marine, 
including Ammonites, JPleurotomaria, Ostrea, Trigonia, Cueullaa. Corbula, Grypkcea, 
MocHola, Terehratula, and numbers of other bivalves, JEchinida, Crinoids, Corals, Belemnites, 
fish teeth, reptilian bones, and fossil wood. 

In one certain and one or two doubtful instances some of the upper beds of this lower 
and marine series were found to contain impressions of (terrestrial) Zamira in shaly bands inter¬ 
posed between the marine shell-hearing beds. During the examination of Eastern Kutch, 
the most exhaustive search that could be made failed to find any thing among the upper 
rocks except these Zamias and a few other terrestrial plants, but in the west, in a few cases, 
some marine fossils have been obtained from single beds occurring amongst nufossiliferous 
strata of the upper portion of the rocks, hut still below the uppermost (white) beds seen. 

This alternation or intercalation of the marine and freshwater beds (presuming those, 
containing Zamira to be of purely freshwater deposition) being one of the points to which 
attention was specially directed, it is satisfactory to have so far ascertained the fact after 
many months of close search, even though such alternation appears to be much more limited 
than was supposed, unless it is taken for granted that the numerous fragmentary grass-like 
plant remains so common in the shales and flaggy sandstones throughout the formation 
are of freshwater deposition also. Many of fhese have been searched over and over again 
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without a trace of a Zamia leaf being found, and there seems to be no more reason for suppos¬ 
ing- them freshwater than some other bed's in which ammonites occur lying among a mass of 
vegetable remains, the woody fibre of which is generally distinguishable, though often 
obliterated by carbonisation. 

Such intimate association of the Zamia with marine forms has not, it is true, been dis¬ 
covered, but nevertheless it may not be unreasonable to suppose that these plants were floated 
out from land, and deposited by the sea at depths unsuited to the marine life of the period or 
at localities where this was from other causes absent. As Mr. Elan ford has observed in the 
paper above mentioned, 'no sudden change in the racks nor any unconformity has been found 
to mark the transition from a salt to a freshwater period; ’ and while it is evident that land 
plants may be carried out to sea, though marine organisms cannot so readily And their way 
into freshwater deposits, it is easier to believe that the whole of these salt, Jurassic rocks 
are of marine origin than that repeated alternation of fresh and salt water beds takes place 
without any marked difference of character or aspect occurring in the rocks. 

It may also be observed that though there are hut few evidently marine beds, and these 
not immediately associated with Zamia-bearing rocks in the upper part of the Jurassics 
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains 
occurring to contest the possibility of the containing rocks being of marine or perhaps 
estuarine formation, 

Great as is the thickness of the Jurassic beds, it is that only of a portion of the group 
the base of which is not visible, and the upper beds being unconformably overlapped by the 
Bedded Trap, they may continue to increase in quantity beneath the latter much further than 
they can be observed. There are, however, some appearances, along their uppermost boundary, 
which may be slight indications that the Jurassic period was drawing to a close, and that 
the deposition of rocks much resembling some of their upper beds ushered in the commence¬ 
ment of the succeeding unconformable tertiary group in those places at least where this 
succession was not interrupted by the accumulation of the intervening Bedded Trap. 

Traps. 

By far the largest part of the trap rocks is referrible beyond a doubt to the 
same period as the vast stratified accumulation known as the Deccan Traps. Some of the 
lowest flows are very thick, presenting few or no traces of bedding for more than 100 feet, 
hut, further up this is as plain as all the other appearances, such as bods of red bole, alterna¬ 
tions of amygdaloidal and columnar basaltic flows, presence of zeolites, and so forth, which 
characterise the formation elsewhere. The trap is sometimes magnetic, and among its lower 
beds ashy sandstone or calcareous bands occasionally exist. In one place near its local 
base an interstratitied bed of friable red sandstone 30 feet, in thickness was observed, and in 
auother a small lenticular deposit of intertrappean calcareous rock containing small fisli 
scales.* 

The Hows or beds have a low steady southerly or south-westerly inclination, forming a 
wide hilly belt through the centre of more than the western half of the province, but their 
deposition does not scorn to have extended to the place occupied by the eastern extremity of 
the district. The thickness of this formation is much less than usual, being estimated at 
about 2,500 feet. 

An obscure group of earthy sandstones formed largely of trappean materials, often 
indistinctly bedded and containing woody plant impressions, occurs in several places, having 
but indefinite relations to the lower part of the Bedded Traps, but resting quite uncon¬ 
formably on the J urassic rocks and often closely associated with masses of intrusive trap near 
which also white sandstone is often strongly columnar. 

The intrusive traps—occur chiefly in the Jurassic area, and probably mark some of the 
places from which those just mentioned issued. 

They consist generally of augitic or basaltic traps varying in color (different black and 
grayish hues), and in texture from a close compact rock to one coarsely cr3rstalline, the crystals 
of glassy felspar being interlaced, and the deeply weathered soft light-colored surface taking 

* Within the last few days information has been obtained of the discovery by Mr. Fedden of intertrappean beds 
containing Phyw Fnnsepk, in the western extension of the trappean formation, famishing still further proof of 
the identity of these with the Deccan Traps. 
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much the appearance of a syenite in similar condition. Pine muddy-looking or ashy trap, 
weathering to an olive-green minutely divided detritus, is another variety. Some of the 
dykes, &c., are of fine-grained purple colored trap, with white steatitic specks, a soft earthy 
or lava-like texture, are much less dense than the varieties abovement-ioned, and are some¬ 
times salt to the taste. 

With regard to the manner in which all those intrusive traps occur, nothing could well be 
more varied: dykes are particularly numerous in some localities; they also occur in 
faults, while local intrusions form hills projecting from the plains and Jurassic broken ground, 
like knots in decaying wood. In such cases, their outlines are either conical or combinations of 
this with steeply scarped forms. Some intrusions range through the country for many miles, 
presenting the most irregular lines both in plan and elevation, cutting across the aqueous 
strata, including large masses, intruded between them or forming hills either capped or under¬ 
laid by the Jurassic beds, or both one and the other, these being altered by the contact into 
various kinds of porcelainous or quat'tzitic rook, while one case occurs where a whole stream 
section of the aqueous rocks seems to pass by gradual intensity of alteration into solid trap 
in which planes resembling the original bedding can be traced for some distance as if the 
strata had been melted in situ, no marked difference of texture however existing in the trap, 
although the stratified rocks consist of alternations of calcareous sandy and thin shaly 
hands.* 

Other instances occur in which sandstone seems to have been completely melted and 
taken up by these traps; the matrix having yielded first and the quartz fragments and grains 
gradually becoming more separated and disappearing until they are quite lost at a very short 
"distance in the dark trap. This can be seen in hand specimens. 

Generally speaking, these large intrusions have an intricacy of arrangement forming a 
tangle which defies all effort at accurate representation upon a map of small scale, and some¬ 
times their basaltic trap is so magnetic as to deprive compass bearings taken from these 
points of any value, the variation being of inconstant amount. 

SDSB-TEBEIARY GBOTl’-t 

As already stated, the Jurassics or Dogger bods of Kutch, consisting of a calcareous or 
sandy and shaly marine series below, passes upwards into alternations of more ferruginous 
and more purely argillaceous and arenaceous beds,—in which land fossils (Zamiffi, Ferns, &c.) 
are cither rare or locally numerous,—these forming what are at present considered an 
upper member of the same group. At some period subsequent to the Jurassic, not clearly 
marked, but arguing from local as well as distant sources of information (in the Deccan and 
at Bombay), probably an early Tertiary one, the volcanic activity which produced the Bedded 
Trails came into operation. Observations here only show that traps were extensively in¬ 
truded through the Jurassic rocks, and that other traps, very probably connected with these 
as centres of eruption, constitute a thick series resting with marked unconformity upon these 

Jurassic strata. 

But overlying the Bedded Traps and, where these are absent, the rocks upon which they 
rest, is a marked hand of most peculiar aspect, having, in contact with these traps, a very 
volcanic appearance, but one entirely different from theirs. Its predominant colors are deep 
red and pure white, but it is finely varied with purple, orange, greenish, brown and black 
or blue tints, even brighter and more strongly contrasted than those ol' the Jurassic beds. 
Its lowest stratum in junction with the uppermost of the trappean flows is a curiously 
mixed and mottled one, brecciated, concretionary on a large scale, in places containing 
small white quartz grains, but generally consisting of a pure chalk-white or variegated 
purple and. lavender, unctuous, argillaceous, rock occasionally saline and speckled with white 
kaolin patches, giving it the appearance of an amygdaloid, sometimes to such a degree that 
it becomes undistinguishable from the purple trap found in several dykes among the Jurassic 

rocks. 

* This passage as it were ot' stratified into intrusive amorphous rook is so very peculiar that it may perhaps 
be deceptive. A place where the alteration of the beds ccasetl laterally and the trap might be said to commence was 
sought tor in vain, and the lines which may be, or at least simulate, original stratification apparently continuous with 
thole of the unaltered bedded roek cea6e to be traceable beyond a few yards into the trap. 

T The name Sub-Tertiary used here is only provisional. An examination of the fossils will probably cause it to 
be altered for another. It merely means that the beds arc below the highly fossilifcrons Nummiuitie and other 
Tertiary beds though above the Bedded Traps the Intertrappean beds of which are believed to be of Lower 

Tertiary Age. 
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Along the line of junction with the underlying Bedded Traps their uppermost layer is 
very commonly a greenish amygdaloid, also more or less generally concretionary, rusty or 
decomposed looking ; instances occurring in which the concretions of the mottled rock have 
been found to exhibit an apparent passage towards their centres from one variety to the 
other, the cores being formed of rusty amygdaloid quite similar to that beneath. In other 
cases the lowest stratum of the mottled series or uppermost one of the trap is a pale green¬ 
ish earthy trappean looking rock, not quite so concretionary as usual, with much of the 
external character of the mottled breccia, but containing yellowish green steatitic amygdala. 
Where these sub-tertiary beds rest on the Jurassic rocks the peculiar brecciated white bed is 
seldom strongly developed, but still is frequently present. 

This breecia passes upwards within greater or less distance, as the bed is thick or thin, 
into gnarled and ponderous laterite of various red, black, brown and purple tints, either brec¬ 
ciated or of the brick-like character so well known elsewhere.* Its junction with the white 
rock below often shows rough stalaetitie looking masses of the laterite vertically penetrating 
the lower bed all along the line of contact as if intiltrated from above. In the same group 
are other bauds of laterite and some very coarse obliquely laminated white quartzose and 
ferruginous sandstone containing much of the white earth distinguishing the lower layer. 
Associated with those, hut not always upon the same horizon exactly, are dull purple, brown 
and black, in some places highly carbonaceous, gypseous or pyritous shales containing 
numerous impressions of large and small exogenous and endogenous leaves. These occur also 
in fine flaggy pale lavender or white beds of the same group, but of uncertain place. 

Apparently among gypseous reddish shales of this group a thin band was found to 
contain Fasciola.ria, Area, Nucula, Cyprina and Venus, which are not, however, in such a 
state of preservation as to warrant more than an opinion at present that they may he of 
either cretaceous or eocene age, while some bones of large reptiles, including part of a skull, 
have been found in very similar shales and on what seems to he very nearly the same 
horizon. 

Close above these some brown flaggy sandstones containing a few shark’s teeth and shells 
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to 
others abounding in tertiary fossils. 

The thickness of this group (the ‘ Bed—? New Bed-sandstone’ of Grant) varies much, from 
a mere hand consisting of a few beds or only one, to a maximum, in some places, of between 
two and three hundred feet. Until the fossils have been examined, it is obviously difficult to 
say how much of this group may he of Tertiary age, if indeed it he not entirely so. It 
forms a marked basement to that series however, aud where it rests upon the Jurassics without 
the intervening trap, its junction very commonly appears quite conformable, the line, however, 
being almost impossible to see when the gypseous shales of the one group overlie those of the 
other. 

Tebtiaet formation. 

As the Tertiary rocks are still undergoing examination, they can be hut slightly noticed 
here, although they form a large and important feature in the geology of Kutoh. 

Their principal development takes place in the southern half of the western side of 
the district, where they form wide rolling plains under which the beds undulate, wrapping 
round the western termination of the Jurassic and Trap formations, and appearing at intervals 
along the southern shore of the Bunn, on the margin of at least one of its islands, and 
at a few spots in the eastern portion of the province. 

They consist, as a mass, of rubbly shake interstratified with yellow mudstone bands, 
and thick beds of sand or sandstone. Occasionally the rocks become sufficiently calcareous 
to be called limestone, and most of those containing fossils are highly so—an agglomeration 
of shell-oasts in an earthy or sandy calcareous matrix. 

Among the lower beds oysters and turritella are particularly numerous, whole beds 
being formed of the latter, and a flat echinus (clypeaster), being very common. 

* At some localities in Eastern Knteh the laterite is associated with quantities of Agates both in situ and left 
in a thick layer by its weathering down, strongly recalling the appearance of some very similar ground 
similarly situated near the base of the tertiary rocks in Ouzerat. 
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At a short distance above the base of the formation, on an average not more and often 
greatly less than 200 feet vertically, are soft and harder white calcareous beds crowded with 
mmmulites and fasciolites, the former of several kinds, and associated with them are 
numerous echini, bivalves, &e. 

The Nurmruditit; beds are generally nearly horizontal; they produce ground of singularly 
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered 
out lying thickly upon the surface in place of soil, and from their abounding in that neighbour¬ 
hood being called by the native Lukput paisa. 

For several miles eastward of Lukput, along the edge of the Runn, these rocks are 
brought against the Jurassics by a fault, and having followed the low ground round the 
western limits of Kuteh they disappear for a considerable space in the country north and 
north by east of Jackow, but set in again in the low lands further east. 

In other parts of the low country, unoccupied by the Nummulitic group, highly fossili- 
ferous tertiary rocks abound, containing a large number and great variety of genera, includ¬ 
ing turritella, ostrea, conus, fasus, valuta, strombus, nation, trochus, oliva, cassis, cerithium, 
scalarium, cyprma, halamts, pecten ; clypeaster, ciotaris, &c.:—of Crustacea, some well pre¬ 
served crabs, besides large bones and great molar teeth, and very many other interesting 
fossils, complete lists of which it is hoped will hereafter appear. 

The thickness of these rocks is not yet sufficiently clear to be stated, hut is considerable, 
probably exceeding 500 or from that to 800 feet. 

It seems most likely that these Tertiai'y beds have been deposited in shallow water 
under shore conditions and subject to causes producing great irregularity of deposition. The 
occurrence of leaf beds in the group repeats the case of the Jurassic beds with regard to the 
alternation of fresh and salt water periods, and among the upper beds the predominance of 
sands almost devoid of organic remains indicates a different state of things from that under 
which the highly fossilil'erous strata accumulated. 

Post-Teutiary. 

In several places a coarse concrete is found containing numerous fossil oysters, generally 
of large size. It appears to rest unconf'ormably upon the Tertiary rocks, and may he an 
old member of the coast series or “littoral concrete” of Western India. 

Other post-tertiary and superficial deposits, such as alluvium, blown sand, river concrete, 
and a rock much resembling the latter, found high upon the nanks of many of the hills, 
have merely to he mentioned, their occurrence here being in all respects similar to that 
in other localities. _ 

Coal is often mentioned as occurring in Kuteh. Carbonaceous shales have been met with 
in several places both in the Jurassic and Tertiary rocks, but chiefiy in the former, and 
these sometimes contain layers of bright coal. This is usually very thin, forming but small 
parts of the hands quite too limited in thickness and extent (so far as known) to repay the 
cost of working. 

The largest layer, opened upon formerly at the village of Trombow, north-north-east of 
Bhooj, is now concealed by the workings having fallen in. 

Alum is extracted in considerable cpiantities from the sub-tertiary shales of Western 
Kuteh. 

Iron used to he made in various parts of the province, but the manufacture has ceased 
}n consequence of the facility with which Foreign iron can he obtained. 

In conclusion, it remains only to be stated that several points of interest necessarily 
passed over in this hasty sketch have been reserved for subsequent consideration in the 
report to accompany the map, data for which are still being collected. 

Amongst these are some facts tending to afford farther proof of the association of 
aqueous deposits with the earliest beds of the Stratified Trap, and also indications that their 
highest flows or beds were not much older than the lowest Tertiary rocks, if indeed some of 
them were not contemporaneous. 
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The occurrence hove of the persistent and well-marked band of laterite and its associ¬ 
ated white clay or steatitic breccia, passing conformably upwards into the Tertiary beds, and 
less regularly, but still with an appearance of transition, into some of the bedded traps 
below, though differing from certain of the facts observed in the country north-cast of Surat, 
may possibly modify some of the conclusions with regard to the moi'e obscure occurrence 
of the same three groups, i. the bedded traps, latcritic beds, and Tertiary rocks of 
Guzerat, or may, at least, confirm the impression of the volcanic activity which produced 
the bedded traps dating from early Tertiary times. 

If, in the absence of fossils, lithological similarity be admitted as evidence, it may be 
possible that some of the white felspathlc sandstones, considered as Upper Jurassic, overlying 
the Zamia-beds of Kutcb, may represent some of' the frequently similar looking Mahadeva 
or Bagh bods of Central India and the Nerbudda Valley. 

The evidence for a Jurassic age comes chielly from the lower part of the series, which 
is certainly marine so far, and the occurrence therein of a band of shale containing Zamm 
may bear the explanation before suggested, but at present the discussion of these points is 
almost premature. 

April, 1869. 

Much interest having been excited in the history of the Nicobar Islands, which have 
recently been taken possession of in the name of Her Majesty the Queen of England, I have 
thought it desirable to print here a brief summary of all tiiat is known regarding their 
geological structure. This could most effectively be done, by giving a translation of the 
reports of Dr. F. v. Hochstetter, who accompanied the Austrian ‘ Novara expedition as 
geologist. Dr. Stoliczka, long a colleague and friend of Hochstetter’s, has translated this 
report. The geological portion is given nearly at lull. The part relating to the vegetation 
and its connection with the soils, however interesting to those who have never seen a tropical 
vegetation, contains little that would be new to residents in this country; aud only a few 
extracts are given. A few remarks on springs and temperature conclude the paper. 

The geology of the Nicobars has many points of the highest interest to the Indian geo¬ 
logist, as bearing on the structure of the adjoining- Andamans, and the continuation of the 
same features into Burmah and northwards, on which connection some information will he 
given in future numbers. T. 0. 

Contributions to the Geology and Physical Geography of the Nicobar Islands, 
by Dr. F. von Hochstetter, (translated by Dr. F. Stoliczka, from the “ Voyage 
of the Austrian Frigate Novara round the world in 1857-1869." Geological part, 
2nd vol,, pp, 83-112. Vienna, 1866). 

The Nicobar islands (Pi. 3.) belong to an area of elevation which can be traced from tho 
Bay of Bengal far into the southern seas. Beginning under the 18th degree north latitude in 
the group of the Choduba and Regnain islands on tho coast of Arracan, passing through the 
Andamans and Nicobars, then continuing through Java, Sumatra, and tho south-western 
group of the Sunda islands, this line of elevation bends in an oblique S-forrn through 
New Guinea, to the north of the Australian continent, and forms in New Ireland, the 
Solomon Islands, New Hebrides mid New Zealand a curve, concave towards the west, the small 
group of the Macquarie islands being possibly considered as the extreme southern end of 
this curve. Winding from the northern into the southern hemisphere through 70 degrees "I 
latitude, this lino, or area, is characterized as one of elevation by two phenomena, totally 
different in Iheir nature, but nevertheless equally grand, and in certain respects related to each 
other. These phenomena are, first, tho activity of the interior of the earth, showing ilsell' in 
the volcanic action ; and secondly, the activity of the coralline animals, disclosing itsoll in the 
formation of that kind of coral reel's which Darwin has distinguished from the barrier or 
lagoon reefs under the name of fringing or coast reefs. 

Both phenomena, the volcanic action with its elevaLory power, and the formation of 
coast reel's, are, in certain respects, related In each other, as lias been placed beyond a doubt 
by Darwin's observations, although both do not appear together along all parts of this area- 



f.O Records of the Geological Survey of India. [vol. xx. 

In the southern extra-tropical latitudes, where coralline life does not exist on that large scale, 
the volcanic action is the only marked one, and equally so in tropical latitudes to the north of 
the equator,—where that action is locally wanting,—the peculiar formation of coral reefs must 
be considered as the principal argument for the continuation of this line of elevation. This 
is the case at the Nicobar islands. 

These islands occupy a gap without volcanoes, between the volcanic range of Sumatra, 
and the Barren and Narcondam islands, which lie to the east of the Andamans. 

Whatever may be hidden in the interior of the Nicobar islands, covered with perfectly 
impenetrable primeval forests and grassy plains, the occurrence of younger volcanic rocks is 
Ibe least probable. Although I have found on the north side of Car-Nicobar, the northern¬ 
most of the islands, two pieces of a porous basaltic rock, the size of a man's hand, in a 
coarse gravel in the forest near the village Mus, and a, larger angular fragment in the coral 
sand on the strand near the village Saui, still there is more reason to believe that these 
fragments were transported to the coasl of Car-Nieohar in the roots of stranded trees,* 
or even that they were remains from the travelling hags of the Danish naturalists of the 
Corvette Go la that,—who in 1846, shortly before they landed on Car-Nicobar, visited the 
volcanic Barren island,—than that they came from the interior of the island. I have in 
vain searched for similar pieces in the stream-and river-gravels of Car-Nicobar, and I 
have not met with thorn on any of the other islands on which we landed. 

On the other hand, the Nicobar islands are distinctly characterized as a portion of the 
chain of oceanic elevations, which began in former geological periods and still continues, by 
the upheaved coral banks and by the continuous formation of coral reefs, which slowly, but 
in the course of hundreds and thousands of years perceptibly, enlarge the territory of the 
islands. 

The Austral-Asiatic area or elevation, above indicated in its entire extent, has in the 
Nicobars a mean direction to norfcli-'20°-west or from south-south-east to north-north-west, 
possessing a length of 148 Engl. (=37 Ger. geogr.) miles, and a width of 16 Engl. (=4 geogr.) 
miles. This direction indicates at the same time the strike of the strata on all the islands, 
while the dip is either towards cast or west. The synclinals and anticlinals in. the geological 
structure of the islands are thus coincident will) the direction of the great geological line of 
elevation which connects the northern point of Sumatra with (lie group of the Andaman 
islands. 

The total area of all the islands is calculated to he 33 to 34 German (geogr.) square 
miles (equal to about 628—644 Engl.). 

1.—Geological Formations. 

To render properly intelligible the results which will he given in the following pages, I 
may he permitted to make a few preliminary remarks. 

It is at present extremely difficult to make any detailed geological observations on 
the Nicobar islands. One is limited to the sea coast, as impenetrable forests and grassy 
plains make the interior of llio islands perfectly inaccessible and hide the rocks. On 
the northern smaller island, this circumstance is of less importance, because the extent of 
the rocks through the whole island can easily be ascertained, as soon as it is possible to 
observe them on two opposite sides of the coast in, the same stratigraphicnl relation. The 
case is different with the southern larger islands. Samhelong or Great Nicobar has an 
area of 17i geographical square miles, and is larger than all the other islands put together; 
it offers hi the mountain ranges (rising up to 2,000 feet), and deep valleys, such a variety 
in the configuration of the ground, that it is impossible to suppose that what is to be 
seen on one or the other point at the coast should he characteristic for the whole island. 
The, mouths of rivers being generally occupied by mangrove swamps, it is even impossible 
to conic to any conclusions from gravels as to the rook which is to be found in the interior. 
But even on the coast there are great obstacles to geological investigation. Wherever the 
inquiring eye of the geologist observes promising cliffs, there breakers make it generally 
impossible to land, and where landing can be effected, we usually meet only a flat coast. 

* Chamisso mentions the transport of stones in the roots of stranded trees on the ltadek group, and Darwin gives 
a similar example from the Killing islands (Darwin’s natural history travels, part 11, p- 2414)* 
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Thus one is limited in his observations to the few points, where during low water it becomes 
practicable to reach from the sandy shore some rocky promontory ; and even under the 
best circumstances I was always restricted to that part of the coast on which the frigate 
anchored, for no amount of promises and offers could induce the natives to undertake longer 
trips with their canoes, neither was it possible to obtain a boat from the frigate at my 
disposal. I hope that other geologists, who may in future visit these islands, will be more 
successful in this respect. 

My observations were therefore confined to the following places 

1. North-western, coast of Car-Nicobar.—A low precipitous coast accessible along 
its entire extent. Thick clay beds, with some more solid strata of sandstone, containing 
Fucoids, are on this coast overlaid by upheaved coral banks (coral conglomerate and coral 
sandstone); these are in some places still in direct communication with living coast reefs. 

2. Southern Bay of Car-Nicobar.—Flat coral ground with fringing reefs, and at 
the breakers banks of a recent sandstone. 

3. Novara Bay on the icest coast of Tillangchong.—Precipitously rising cliffs of 
serpentine and gabbro conglomerate; at the breakers’ coast reefs. 

4. Channel between Camort a and Nancowry, or the Nancowry Haven.—A deep 
transverse cleft through yellow clay-marls containing magnesia, alternating' with beds of ser¬ 
pentine and gabbro traps, and pierced through by serpentine and gabbro. A long stretching 
coral reef formation exists in the channel, but coral ground is very limited. 

5. The small islands Trice and Track, north of Little Nicobar; precipitously 
upheaved; clayey sandstone beds with imbedded pieces of bituminous brown coal; coral and 
conglomerate banks and fringing reefs. 

6. Fulo Milu,—A small island on the north side of Little Nicobar, consisting of 
strongly raised sandstone beds, with flat coral ground, fresh water alluvium, and fringing 
reefs round the whole island. 

7. Island Kondul on the north side of Great Nicobar.—Sandstone, sandy slates, 
and beds of clay-marl alternating with each other, flat coral ground of very limited extent, 
fresh water alluvium, and fringing reefs. 

8. A small bay on the northern coast of Great Nicobar.—Sandstone hills, salt-and 
brackish-water swamps. 

9. Fast side of the southern bay (Galathea Bay) of Great Nicobar, in which 
flows the Galathea river; sandstone mountains; flat coral ground, coral and conglomerate 
formation at the level of the breakers, fringing reefs ; pebbles of bituminous coal on the strand. 

These places are, with the exception of Car-Nicobar, the same as were seen by the 
Danish geologist Dr. Bank, accompanying the expedition of the Danish Corvette Galathea 
in 1846, and were, beside many others in the Archipelago, visited by him during a stay 
of four months, described in a special work.* 

As to scientific inquiry, I left the Nicobars quite unsatisfied in spite of the comparatively 
long time of one month which we spent in their waters ; I know well how little my own obser¬ 
vations increase the geological knowledge of the islands, for which we are indebted"to Dr. Rink ; 
for just the grandest objects, the islands Terressa, Little and Great Nicobar remained 
tor me totally a terra incognita. But I am conscious to nave done every thing that it was 
possible to do under the circumstances, and in this point of view the tew observations I can 
offer must be criticised. 

Car-Nicobar is a low island, the average height of which above the level of the sea 
amounts to about 45 feet; only two ridges, which may be from 180 to 200 feet high, rise in 
the interior above the forest covering nearly the whole island. The west, south, and east, 
coasts are flat and sandy, and the north-west and south-east monsoons accumulate upon 
t . m. gradually higher and higher fragments of corals and shells, which pass over the 
fringing reefs surrounding the whole island. The south coast is in part swampy, only the 
northern or t'other the north-western coast, forming the shore of the hay of Saui, is precipitous, 
allowing a view of the geological structure ot the island ; the section of this coast is given 

* pie Nikotarisdien luselu. eiue gcograpliische Sliizze, nut speeieller Beiiichsichttfrune jer Geoimosie 
Kopenliagen, 1847 (I lie Nicobar islands, a geographical sketch with special reference to geology), 
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in the sketch PI. 4. Fig. I,—Eastern shore of the Bay of Sam. 1, Loose coral and shell- 
sand : 2, Dead coral-banks: 3, Indurated rock-beds of dead corals and shell-sand: 4, Plas¬ 
tic-clay with bands of sandstone,— 

The eastern shore of the bay gradually rises from north towards south up to a height of 
about CO feet,, and includes two small lateral bays in which massive banks of a gray clay crop 
out below uphe; rud coral banks which form the projecting corners of the eliif. 'it is very 
characteristic that the boundary of the calcareous and clay strata on the surface of the coast 
terrace is at the same time a sharp limit of vegetation, inasmuch as on the clayey ground the 
cocoa-palm is replaced by Pandanus, Casnarina and grass, forming locally quite extensive 
s-r.'.st.y plains. The clay deposits, without any distinct stratification, show a cubical cleavage. 
Tye pa. .ailing color is light-gray, only single bands are darker colored, others are ferru¬ 
ginous, containing numerous clay-ironstone nodules. The day is a little calcareous, effer¬ 
vescing with acids. In the southern lateral bay also appears between the clay beds a 
more solid stratum from two to 1 hree feet thick, and from its projecting part larger 
and smaller plates are broken off. On one of these plates I observed the impression 
of a large species of Fucus (Chondrites Nikoharensis, Hochst.) The strike of the strata 
is from south-south-east to north-north-west in both bays, the greatest thickness observable 
in the strata amounts to 20 or 30 feet. This clay deposit on the northern coast of Car- 
Nicobav is characterised as a marine formation by the numerous Foraminifera which it 
contains, hut I did not succeed in finding any recognizable remains of Mottusca, except 
indistinct and badly preserved bivalves (Pdecypoda).* 

Farther towards the south, the clay beds again sink under the level ol' the soa, and in their 
place again appear coral banks, the precipitous coast becoming constantly higher, but at the 
same time gradually more inaccessible. On this coast the sea has washed out deep hollows, 
and the coral-banks are overlaid by massive banks of a white rock consisting of shell and coral 
sand, and being rather soft on the weathered surface. On the Areoa river, in the innermost 
corner of the bay of Saui, the plateau of about 60 feet rapidly terminates with a fault, and 
the southern shore of the bay only exhibits a flat sandy strand richly overgrown with cocoa 
trees, being at the same time illicitly populated. Judging from a few lumps in the 
grave] which I found on the northern as well as on the southern side, I conclude that there 
is somewhere in the interior of the island a gray fine-grained sandstone with little flakes 
of white mica and also a compact limestone in situ. The natives use the sandstone from the 
gravels as grinding stones. 

Batty Waive is a small rocky island with precipitous shores all round. It, rises on the 
south-eastern ^ and eastern side in two terraces to about 150 feet. On the western and north¬ 
western side, it runs into a low flat cliff; judging from a distance of two or three nautical 
miles—we did not come nearer—the island is inaccessible. The extreme shore seemed to be 
covered with grass only, the interior was a low jungle, the crown of cocoa-palm being here 
and there visible at its margin. Only opposite Car-Nicobar can the island give an 
impression of a “ relatively bare rock,” as Steen Billet says.—The rocks to be found on the 
island are most probably the same as those of Car-Nicobar. 

Tillanrjchong, situated opposite Car-Nicobar, is a narrow mountainous island with 
precipitous cliff's, stretching from north-west towards south-east; it consists of two ragged 
mountain ranges separated by a depression of only 30 feet in depth. Where, on the south-east 
side, both ranges meet, a deep bay is formed, which during the north-west monsoon offers an 
excellent place for anchorage. The less precipitous south-western coast is accompanied by a 
few rooky cliffs, while the north-eastern coast is highly precipitous all along the shore. The 
highest hills are situated in the northern part of the island, apparently rising to an elevation 
of about 500 feet. Serpentine and gabbro form no doubt the great mass of the island.—PI. 4, 
Fig. 2.—South-east coast of Tillanchong. 1, Coral-rocks; 2, Serpentine and Gabbro; 3, 
Breccia; 4, Sharply elevated rock-beds.— 

In the small bay on the south-western coast, the Novara bay, in which the frigate was 
lying at anchor for a few hours, the irregular and cliffed-like shores are composed of common 

r* Tt/° c2,cscr’P'’on the very well preserved Foraminifera from the above described clayey beds was undertaken 
by I>i\ Iv. Sch wager. His very valuable paper will be appended to this chapter of the Nicobar Islands, and for 
tarther results I here refer ta this paper. 

t Captain Steen Bille was Commander of the Danish ship Galathea.—T. 0. 
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serpentine, often traversed with veins of hornstone, and the same is the case with the thickly 
wooded mountain slopes, as far as could he observed in the small rocky beds of streams. 
The shore exhibited a very great variety in the color of the serpentine, jasper and hornstone 
pebbles : besides these, however, there were noticed also numerous pebbles of a dark green 
diallago rock, which must no doubt be in situ, somewhere on the same coast at no great 
distance. 

From the angular fragments of serpentine and other masses in the course of decom¬ 
position, a ferruginous breccia is formed at the foot of the hills, while in the breakers the 
serpentine gravels are being cemented by coral and shelly sand forming solid sandstone and 
conglomerate banks which recall the Verde-antique, (Ophiealcite). The plateau of the coast- 
reefs extends 2 to 300 feet from the precipitous shore into the sea. Tlio whole of tbe island 
was covered with thick piimeval forest which thrives well, even on the serpentine ground. 

In passing along there were observed on the southern part of tbe island and on the 
eastern coast thin-bedded rocks with a high dip; these were in massive cliffs almost perpen¬ 
dicular in the south-eastern bay with a columnar structure; their true nature remained, 
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the 
geological hammer. 

Camorta, Trinkut, Nancowry with Katckall form the middle group of tbe 
Nicobar islands. Trinkut is situated in front of the eastern entrance of a channel between 
Camorta and Nancowry; it is a low island surrounded by coral, reefs, and on its southern 
coast whitish-yellow argillaceous marls crop out. Gamor t a xmA Nan cow ry exhibit a greater 
variety of formation.—PI. 4, Fig. 3.—Sections of Camortai and Trinkut. 1, Qabbro and 
Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks.—The 
channel between the two islands, the Nancowry haven, lias numerous small bays and 
corresponds with a transverse cleft, while the Trinkut channel is a longitudinal cleft. The 
precipitous shores of the former offer, therefore, the most instructive geological section. 

Tbe narrow western entrance to the Nancowry channel is marked by two projecting 
rocks, which have been washed out by the force of the waves, making thus a natural gateway 
of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse 
breccia, composed of angular fragments of serpentine and gabbro* firmly cemented. I could 
not observe any stratification in this rock on the Camorta side ; it is here in cliffs with largo 
quadrangular blocks. On the Nancowry side, however, coarser bands alternate with finer 
tufa-liko ones, with a strike from south-south-east to north-north-west and dipping about 85 
degrees towards west. On the Camorta side, there crop out at two places below heaps of 
masses of rocks, which Rink very properly regarded as friction-breccias, cliffs of a more 
or less serpentine or gabbro-like massive rock. 

Among the pebbles on the strand, 1 also met with numerous fragments of a reddish- 
brown rock traversed by white calcite veins, the rock which Rink called Eurite. 

These phenomena at the western entrance to the Nancowry-havcn are thus perfectly 
identical with those which Rink lias observed at the entrance of the Clala hay, situated only 
a few miles to the north ; they are represented (1. c. p. 68) by Rink in a section. Further 
to the north the mostly hare hills on the west coast of Camorta, recalling by their external 
shape conical volcanic forms, attain a height of from 4 to 500 feet; they no doubt indicate 
the further extension of the serpentine and gahhro-rocks, which on Camorta and Nancowry 
are traversed from south-south-east to north-north-west by a longitudinal cleft. 

In the interior of the Nancowry haven, wherever the rocks are exposed on the project¬ 
ing angles, they appear to be well-bedded, whitish-yellow, clayey marls, alternating with 
hanks of a fine-grained sandstone, with serpentine and gabhro tufas. 

Most instructive in this respect is the precipitous south-eastern corner of Camorta at 
which the coast line bends into the Trinkut channel. The argillaceous marl formation is 
here well exposed in cliffs of from 30 to 80 feet high. On the southern side of the corner 
the transverse section of the strata can be observed, dipping at 25° to 30° towards west, while 
on the eastern side, parallel to the longitudinal break, the beds crop out horizontally one 
above the other. The argillaceous marl does not contain fossils, is of a yellowish white color, 

* Gabbro is a rock composed of diallage, smaragdite or hypersthouc with labradorite or saussurite, and often 
some other minerals in an irregular mixture 
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and on tlie perpendicular walls it was covered with inch-long, white, very thin, crystals of a 
silky lustre. The examination of these showed them to be sulphate of magnesia. The 
clay itself contains, according to Rink’s analysis, besides silicate of alumina, iron-oxide 
and magnesia. 

The whitish-yellow clay marls of Camorta and Nancowry being entirely free of lime 
have become famous since Professor Elirenberg (Berl. Akad. Monatsberichte 1850, p. 476), by 
an examination of the samples brought by Dr. Rink, has shown that they are true Polycistina- 
marls, like those of the Barbados. Elirenberg discovered in 1848 about 300 species, which 
were by Professor Forbes believed to belong to tniocene (tertiary) deposits. Elirenberg says: 
“ Especially well developed is this material on Camorta, where, near Frederickshaven, a 
bill 300 feet bigh is covered all over with variegated Polycistina-ciny, while the Mongkata 
hills on the eastern side of the island are according to Rink entirely composed of a whitish- 
clay resembling meerschaum ; this is, according to my analysis, a nearly pure agglomerate 
of beautiful Polycistina and .their fragments, beside numerous Spongiolites."* The species of 
Polycistina on the Nieohars are, according to Elirenberg, the same which compose the 
similar marl on the Barbados, situated in noarly the same latitude ; but there are also some 
new forms. 

Near the level of the sea, the clay marls, which locally contain angular fragments of 
serpentine and gabbro, alternate with more solid strata of a psephitic rock, which is com¬ 
posed of strongly-cemented angular fragments of serpentine and gabbro, and can therefore 
be best designated as gabbro-tufa. It is remarkable that this rock again includes larger 
and smaller pieces of the clay marl. On the eastern coast, near the village Inaka (Enaca) 
a reddish micaceous sandstone appears between the clay marls. 

Similar are the geological conditions on the northern coast of Nancowry. Between the 
villages Imiang and Malacca, the whitish-yellow clay marls crop) out in slightly inclined 
strata ; between Malacca and Injaong, however, lies a precipitous cliff, on which these strata 
rise almost perpendicular, and _are gradually replaced by an accumulation of fragments of 
serpentine and gabbro. At the projecting corner itself, the traveller faces a precipitous 
cliff of about 60 feet in height, but being cracked and decomposed, the true nature of 
the rock is recognised with difficulty. On a fresh fracture, however, one soon observes a 
massive diallage rock, the laminar diallage being clearly traceable in the nearly solid mass 
of felspar. Narrow veins of quartz pass through the rock. 

From here up to the village Injaong the strand is again Hatter, and nowhere nearer 
than on the other side of the village high, dark-colored, rocks are a second time visible, 
indicating a massive rock. These are the two places which Rink also has marked on his 
maps as plutonic rocks. 

Trice and Trade.—On the north-western point of the small island Trice, highly up- 
heaved banks of a fine-grained argillaceous sandstone of a greenish-grey color form a 
low precipitous shore. The same stratified rocks alternate with fliin-bedded sandy slates, 
showing on the south-eastern coast margin of the small island Track, only a few cables 
length distant, the accompanying section. Pi. 4, Fig. 4. Besides a fault, the strata form 
a saddle and strike from south-south-east to north-north-west. In a sandstone bank I found 
here imbedded a. rolled fragment of a bituminous coal, the same of which 1 met with a larger 
but equally rolled fragment on the strand of the island Trice. Of coal seams there was, how¬ 
ever, no trace to be detected; what might be mistaken for them from a distance was only the 
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata. 

Palo Milu.—A small island on the northern coast of Little Nicobar, which Dr. 
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey, 
fine-grained, micaceous and calcareous sandstone in massive banks. Very often spheroidal 
concretions are to be observed showing on the soft weathered surface like cannon balls. No 
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstra- 
tified. The strata strike from south-south-east to north-north-west, dipping to east at 
an angle of 45 degrees. Dr. Rink (loc. cit, p. 50) mentions a fossil resin in the sandstone 
of Milu. 

* The result of examination of a Nancowry specimen is figured on Plate XXXVI of EUreuberg’s 1 Hikro- 
geologie,* 
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Pulo.Milu was particularly instructive for me, because the dependence of the vegetation 
on the soil and its geological basis could be perfectly well recognised. The vegetation and 
the geological formation of the ground stand in the closest relation to each other, as clearly 
shown by the accompanying sketch plan. The sandstone hills are covered with jungle ; the 
coral (calcareous) ground with high forest trees; the saline, calcareous, sandy ground is occu¬ 
pied by cocoa-palms, and in the fresh water swamp on the declivity of the hill range, which 
resembles in its curve a horse shoe, thrives the finest forest of Pandams which we have seen 
on the Nicobar Islands.—PI. 4, Pig. 5. Plan of the island of Pulo Milu. 1, Sandstone 
with bushy forest; 2, Coral conglomerate, with high tree forest; 3, Coral and shell sand, with 
forest of cocoa-nut trees ; 4, Coast reefs ; 5, Presh water alluvium, with forest of Pandanus. 
PI. 4. Pig. 6, Section of same island on line A. B. Fig. 5. 

We have not visited the coast of Little Nicobar, the mountains of which rise to 1,000 
feet elevation above the sea. 

Kondul—between Little and Great Nicobar,—consists of a billy ridge, 11 nautical 
miles long and f mile broad; its strata strike north-north-west., and dip at 70^towards east. 
The western side is the precipitous one. The strata represent an alternation of more or less 
sandy or clayey beds. The sandstone predominates, yellowish-white, with ferruginous 
reddish-brown particles. The clayey beds partly consist of a greasy plastic clay, partly of a 
crumbling yellowish clay marl, with intercalated thin-bedded sandy slates. The' only organic 
remains which I found were indistinct traces of Alga and small rolled fragments of'coal. 

Great JXicohar. What shall I report of Great Nicobar? With the exception of 
some sandstone hills on the northern coast, and the sandstone ranges on the eastern side of the 
Galathea Bay in the south, I have not seen anything. Great Nicobar, with its moun¬ 
tains rising up to 2,000 feet, is geologically quite a terra incognita. 

A very remarkable earthquake, which is said to have lasted from the 31st of October to 
the 5th December, 1847, on the Nicobar Islands, at which time also earthquakes occurred in 
the middle and western part of Java, is described from the Penang Gazette in Junghuhn’s 
Java (part II, p. 940). On this occasion fire is said to have been seen on one of the 
mountains of Great Nicobar. 

Can the highest mountain of Great, Nicohar he a volcano P Its form is that of a volcano, 
hut as Jungliuhn says that one could land on the southern coast of J ava, wander about many 
days among sandstone and slate rocks, without obtaining through any of the phenomena 
even a trace of the stupendous volcanic nature of Java; in the same way there may be in 
the interior of Great Nicobar, rock-formations hidden, of which one does not got an idea 
along the coast. However, I do not attach any importance to the nunour that fire has been 
seen on Great Nicobar, though the description of the earthquake seems trustworthy, 
as I had myself occasion to observe on Kondul the mountain-slips referred to in the account! 

These few observations, Combined with those of Dr. Kink, give us the following thouc-h 
probably still very imperfect, idea of the geological nature of the Nicobar Islands. 

Among the various geological formations on the Nicobar Islands, three are the most 
important1, An eruptive serpentine and gabbro formation ; 2, Marine deposits, probably 
of a younger tertiary age, consisting of sandstone, slates, clay marls and plastic clay3, 
Bevent coral reef formations. 

The serpentine .and gabbro formation of the Nicobars is characteristically of an erup- 
Lve nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through; 
“eir strata are partly inclined, partly bent in flat, parallel, wave-like, undulations. These 
rocks are accompanied by coarser and finer breccias composed of angular fragments of these 
same rocks, and they can partly he regarded as friction-breccias, partly as sedimentary 
Intas m which beds of an argillaceous marl are interstratified. The eruption of these plutonio 
masses appears, therefore, to tall in a time when the formation of the marine deposits was 
partially completed, partially still in progress. They broke through, on lines of fracture of which 
the principal strike from south-south-east to north-north-west agrees with the longitudinal ex- 
tension of the islands. On the middle islands, the serpentine and gabbro attain their greatest 
development; on Tillangchong, Terressa, Bompoka, Oamorta and Nancowry they 
lorm bare hill-ranges of from 2,500 feet elevation, and their configuration often marvellously 
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resembles those of younger volcanic formations. The elevatory power has, however acted 
most strongly on the southern islands, and has here upheaved sandstones and slates probably 
to heights of 1,500 to 2,000 feet above the level of the sea; on the low northern islands 
the same power was, on the contrary, weakest. 

With regard to the sedimentary deposits, I may state that Rink called (he argillaceous 
deposits of the northern islands “ older alluvium,” and the sandstones and slates of the 
southern islands ‘'brown-coal formation.” In separating them from each other, he considers 
the former as being derived from plntonie rocks through chemical and mechanical decom¬ 
position, and as only of a local character. According to this the archipelago of the Nieobars 
is divided by him into two geologically different groups,—an opinion with which I cannot 
agree. 

The clays and clay-marl formations of the northern islands, Car-Nicobar, Teressa, 
Bompoka, Camorta, Trinkut. Nancowry, and the sandstones and slates of the southern 
islands, Katohall, Little and Great Nicobar, appear to be only petrographically different 
products of one and the same period of deposition. There are at the same time very few 
materials from which the age of the marine formations could be determined, as the only fossil 
remains which have been found in their strata are fragments of drift wood changed to brown 
coal, plant impressions resembling Fucoids, Foraminiferu and Polyeistince. But all these 
remains indicate more or less distinctly a young tertiary age. 

The same conclusions are derived from a comparison with the geological conditions of 
those islands which lie on the same line of elevation as the Nieobars; I refer especially to 
Sumatra and Java. 

I have not the least doubt that the clay-marl and sandstone formation has its perfect 
analogue among the tertiary deposits of Java, which I had myself the opportunity of studying 
and comparing in their distribution and lithological character. These became first known 
through the late Fr. Junghubn, whose researches on the physical geography of Java are 
of such merit. 

According to Junghubn, one-fifth of the surface ground of Ja va is alluvial soil. This 
is especially prevalent on the northern side of the island, extending from the coast inwards 
either one, or sometimes five to ten English miles ; one-fifth of the island consists of volcanic 
cones, ami their immediate vicinity where the lower l-oeks are covered lip by volcanic products. 
These conical hills chiefly occupy the interior of the island, sometimes in a double range 
stretching from west to east; while three-fifths of the area are occupied by tertiary rocks. 
Either in flat protuberances or in clod-like elevations, these tertiary rocks surround the 
volcanic range always on two sides, on the southern as well as on the northern. On the 
northern side, the less highly upheaved tertiary strata underlie the alluvium, and therefore 
occupy on the surface a small area. In an unequally greater degree, the lertiary deposits are 
developed on the southern side of the volcano, both as regards height and horizontal 
extent. They are mostly visible split in clods (sehollen) which always rise higher towards 
one side,—the north, or towards the volcanoes,—and arc at their highest edge upheaved to 2, 
3 and even to 4 thousand feet. It is also principally on the southern side that platonic rocks 
occur in the neptniiinn deposits of Java, which are occasionally only represented by narrow 
and sharply defined veins, without any influence upon the structure and configuration of the 
surface; sometimes, however, they form small bill ranges or isolated bills, similar to the 
serpentines and gabbros of the Nicobar islands. 

According to the reports of the Dutch Mining Engineer, Iliigneniu,* a repetition of 
the geological formations of the Nieobars appears to be met with in the Tjilut.uk Bay (the 
southern lateral bay of the Wynkoop Bay on the southern coast of Java). The prevalent 
formations hero are sandstone-conglomerate and highly developed green stone-breccias, besides 
plntonie rocks of the greenstone group. From specimens which I had an opportunity of 
seeing in the local collection at Boutenzorg, I found that these plutouic rocks are serpentines, 
gabbros and aphanites, exactly similar to those of the Nieobars. Equally identical appears 
to be the chalk-white clay-marl in the middle portion of Bantan, and the fine white marls 
in the southern portion of Tjidamar, mentioned by Junghubn (loc. cit., p. 13), with those 
occurring on the Nicobar islands. 

* Naturkundigc Tijdselmft voor Ncderliuutiscll Indie, Tkeil XIX, p. 110, 1850. 
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At tlie time of my stay in Java (1858), and from all I could find described, as well as 
from my own observation, I came to the conclusion that in the tertiary deposits of Java two 
principal groups can be distinguished, setting aside the limestone formation, the proper place 
ol which in the system of Javanese deposits is as yet doubtful:* 1. A lower coal-bearing 
Uroup: numerous workable seams of brown coal are imbedded in quartzose non-calcareous 
sandstone and slate-clay with silieified stems of trees; marine shells are very rare, or absent. 
To this I referred the coal seams discovered by Junghuhn in the south-western part of Java, 
as also the coal formation on the Kapuas river in West Borneo, and the extensive coal 
districts in Southern and Eastern Borneo, finally tho coal of Benkulen (Bencoolen) on 
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2. 

upper group without coal: a, clay and sandstone formation with plastic clay-slates, 
argillaceous marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in 
marino shells, fossil plants, fossil resin, but merely with nests of coal in place of coal seams. 

Reasons, which 1 have given elsewhere,f have induced me to regard this complex group 
oi strata as probably of Eocene age. This opinion may even now stand as regards the lower 
group, while as regards the upper group, 1 gladly accept the opinion of my friend Baron v. 
Richthofen, and the conclusions derived by II. M. Jenkins,J from which these fossiliferous 
deposits appear to be younger Miocene. 

I suspect that to this upper Miocene group correspond the tertiary deposits of the 
Nicobars, although fossils confirming this suggestion have yet to be discovered. It is 
also beyond doubt that these deposits are not wanting on Sumatra, in certain respects a 
connecting link between Java and the Nicobars. Junghuhn (loc. cit, p. 8) justly remarks: 
“ The tertiary formation appears to have a sub-marine extent over the whole of the Indian 
Archipelago, because wherever within this Archipelago the earth’s surface rises above the 
level ol the sea, this ueptunian formation is observable. I know this for certain as regards 
Northern Sumatra, where the tortiarios are especially found in the Batta districts (Batta 
landern). With the exception of the trachytic island Oungus Nasi all the islands in the" 
Bay,of Tapannli (situated exactly in the prolongation of the Nicobars), besides tho 
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed 
ol more or loss upheaved sandstone strata, containing, though sometimes rarely, tertiary 
shells. ’ Thus it appears to be principally on the southern coast of Java and tho south-west 
coast of Sumatra that we find a repetition of tho geological conditions of the Nicobars. 

The commencement of tho eruptive formation is in Java inaugurated by Serpentine, gabbro > 
massive rocks resembling diorito (greenstone trachytes as in Hungary); more or less typical 
trachytic rocks follow, and the grand volcanic eruption extending up to the present time 
irom the termination of the enormous eruptive phenomena in the Indian Archipelago. 
At the same time it appears that the eruptive line has been shifted slowly, on Java from 
south to north, and on Sumatra from south-west to north-east, so that this line would 
strike east as regards the Nicobar group in the same longitude in which oast of the 
Andamans it reappears on the Volcanic Barren Island and Nareondam. 

The young tertiary ago of tho serpentine and gabbro eruptions on the Nicobars and 
Java has its perfect analogue in tho eruptions of the same rocks in Central Italy, which, 
according to Signor Perazzi, in Turin, and Prof. Savi, are partly Eocene, partly Miocene, and 
which, on account of their copper ores, are of importance to the miner. 

The third principal formation of the Nicobars are coral formations, belonging to the 
most recent or the present period. Coral banks of great thickness are found onCar-Nicobar, 
Bompoka and several other islands; they consist partly of a compact coral limestone, partly 
of a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level of 
the sea; on all the islands, the original area is to be observed enlarged by coral-land, which 
is only separated by the higher sand dunes along the shore, from tho still continuing form¬ 
ation ol tho coral reefs surrounding all the islands in tho character of fringing reels. 
Although these raised eoraj banks are a decided evidence, in favor of the long continued 

* According1 to Junghuhn this limestone is the youngest of all the formations, and is always to be found only in 
superficial banks. ^ 

t Reports on the doings of the mining engineers in Netherlands India (Jahrbuch der k. k. geol. Reichsanstalt. 
Wien, 1858, p. 277). 

t Quart. Jour. Geol, Soc,, London, Feb„ 1864,—F, Baron v, Richthofen, Zeitschrift der deutschen geol, Gesell* 
schaft. Bd. 14, p, 327, 



68 .Records of the Geological Survey of India. [VOL, II. 

upheaval of the islands,—that in connection with the eruption of the serpentines and 
gabbros,—the formation of the flat coral-land elevated only a few feet above the level of the 
sea can, on the other hand, be explained by the accumulation of coral fragments, of sand 
and shells by the waves and breakers on the shallow surface of the fringing reefs. A 
detailed description of the peculiarities of the Nicobar coral reefs and of the formation 
of the low coral-land has been already given by Kink, (loc. cit., p. 88, &c.). 

ll.—On the occurrence of coal and other useful rocks and minerals on the Nicobar 
Islands. 

The question regarding coal was the principal point of inquiry during the first expe¬ 
dition to the Nicobars, which was undertaken in 1845 by the Danish Consul Mackey of 
Calcutta, the Englishman Leiois and the two Danes Busch and Lowert. 

The solution of this question was a second time the problem undertaken by Dr. Kink, 
as geologist with the royal Danish Corvette “ Galathea.” The order of the day No. 5, which 
contained the instrn :t;ec nd directions for the survey and exploration of the Nicobar islands 
on tin part of the scientific expedition of His Majesty’s Frigate “Novara,” made the reply 
to this question my tuty also.* The facts on this point are as follows:— 

The results of the first expedition were confined to the discovery of single pieces of 
coal on the strand of .he southern islands. Dr. Kink found several localities of coal on differ¬ 
ent places of Little Nicobar, Trice, Milu and Kondul. “ These localities at which coal 
ocr'urr 1 pwed, howc ver, everywhere to be isolated masses varying from one to two inches in 
thickness.” The incorrect (as already stated) designation of “ brown coal formation” for the 
sandstones and slates of the southe rn island might, have been the cause of misunderstanding ; 
but Rink himself (loc. cit., p. 53) expressed bis results thus:—"There appears nothing 
found on the Nicobar islands which would correspond with the coal formations of South- 
Eastern Asia. The coal localities were met with here and there without any order 
either in sandstone or in slate, and appear to me therefore to he derived from driftwood 
which was deposited with the clay and sand. I nowhere found anything which could indicate 
an accumulation of plants in basin-like depressions, in which the plant would be grow¬ 
ing in situ and through which the surrounding masses of clay would be impregnated with 
organic ingredients and mixed with portions of plants. The question, therefore, still remains 
pending whether those brown coals occur ill considerable quantity, as the quantity and size 
of the collected pebbles would seem to indicate.” 

I also did not succeed farther than finding single fragments of brown coal. The first frag¬ 
ments were met with on the strand of the small island Trice; it was a brown coal with con- 
ehoidal fracture, but- still with distinct structure of the wood. The pieces were all rolled, and 
the largest—5-inches long, 4-inches broad and 2-inclies thick—was bored by Pholadidce. I do 
not doubt that these pieces were derived from the beds of file sandstone or slate of Trice; but on 
the opposite island Track, I was fortunate to knock out of the sandstone, in situ, a, small frag¬ 
ment of coal also rolled. Exactly in the same way I also fouud small fragments of brown coal 
on Kondul and on the smith side of Great Nicobar, partly on the strand, partly on the 
sandstone or slate rock, and it is certain that these pieces occur ail through the group of islands. 
The condition of all the brown coal fragments met with tends to show that they were only 
singly imbedded driftwood pieces, which were changed to coal, not that they belonged to 
large coal seams through the destruction of which they have come into younger strata. Only 
on the strand of Pulo Milu have I obtained pebbles of true coal with laminated structure, 
such as is only to he found in scams. It is, however, much more probable that these pieces of 
coal came from the steamer “ Ganges” accompanying the “ Galathea” in 1846, and stopping for 
some time about Pulo M ilu, than that they were derived from coal seams on the Nicobars. 
I therefore entirely agree with Kink’s opinion, that so far as it is possible to make observa¬ 
tions nothing speaks in favor of the existence of true coal basins on the Nicobars, and that 
the occurrence of workable coal is not probable. However the area of Great, and Little 
Nicobar is large enough to hide under the thick primeval forest formations of which no trace 

* This instruction runsAccording; to the report of the naturalists of the Danish expedition, coal and pro- 
bably also precious metals occur. As far as this may be verified, samples in. sufficient quantity ought to be taken 
equally so in case of *metals being found. In general it is however to be reported, as regards geological conditions, 
how far conclusions can be drawn from the existing rocks as to the occurrence of useful minerals, &c. Of the rivers 
and springs, the temperature should be measured, &eM &c. 
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may be observed along the coast. Until the interior of these islands has been examined, the 
question regarding coal on the Nicobars cannot be answered in any other way than it was 
by the first expedition. 

Equally unfavorable must he the opinion regarding the occurrence of ores or other useful 
minerals. Nothing of the kind has yet been foiina on the Nicobars. Gold and useful 
minerals are partially rich on islands and along coasts which, viewed geologically, belong to 
the same area of elevation as the Nicobars, as I have already pointed out. The natives 
who long ago observed those fragments of coal, who use glass pearls, silver fragments, &o., 
as ornaments, who know the plants and animals of their islands pretty well, and who 
have for all more common phenomena, for all useful products of the animal and vegetable 
kingdom special names, these inhabitants have as yet found among the rocks of their islands 
nothing that they would be able to make use of for ornament or other useful purposes. The 
only traces of ore which I found were those of ivon pyrites and copper pyrites, finely 
disseminated through dioritic and serpentine-like rocks. The possibility of the occurrence of 
copper ores in the eruptive formation cannot be denied; however, no discovery has as yet 
been made which would indicate it. On the other hand, the islands are rich in useful building 
materials. The sandstones of the southern island must give excellent working stones; the 
plastic clays of the northern islands could no doubt be equally well worked into bricks or into 
pottery; the natives of Chowry make large pots of it. Finally lime is offered by the coral 
reefs in inexhaustible quantity along the coasts of all the islands. 

III.—The soil and Us vegetation. 

[ Only brief extracts of this section are given. J 

Dr. Hochstetter states that vegetation in its original state always indicates the character 
of the soil, provided the atmospheric conditions are the same. This is, however, on the 
Nicobars, highly the case. ' Neither the difference in the latitude from the most northern to 
the most southern islands (2f degrees), nor the difference of the absolute elevation (the 
highest hills on Great Nicobar only attain about 2,000 feet above the sea), is large enough 
to produce on the single islands, or parts of them, such a difference in the climatal conditions, 
that on it alone an altered character of vegetation should depend. Ilocks, soil and vegetation 
are, therefore, on the Nicobars in such a degree related to each other, that the areas marked 
on a map as indicating various rocks would almost coincide with those indicating the varieties 
of vegetation. Unfortunately the sketching out of such maps for the larger inaccessible 
islands is impossible; to indicate it I can only attempt a representation of the small island 
Milu (PI. 4, Fig 5.) and the north-western bay of Little Nicobar.’ 

‘ The results of these observations may he seen in the following tabular view :— 

Geological character of the underlying 
rock. 

Character of soil. 
Respective character of vege¬ 

tation. 

1. Salt and brackish swamp, damp 
marine alluvium. 

Swampy groom'll not capable of cultivation. Mangrove-forest. 

2. Coral conglomerate and coral sand, 
dry marine alluvium. 

Fertile calcareous soil; principal cons¬ 
tituents, carbonate and phosphate of 
lime. 

Cocoa-palm forest. 

3. Coral conglomerate and coral sand 
beside dry freshwater alluvium. 

Fertile calcareous sandy soil. Large forest trees. 

4. Freshwater swamp and damp fresh¬ 
water alluvium. 

Swampy ground, capable of being culti¬ 
vated. 

Pandanus forest. 

6. Plastic clay, magnesian clay, marls 
and partially serpentine, 

* 

Not fertile clayey soil; principal consti¬ 
tuents, silicate of alumina and silicate 
of magnesia. 

Grassy plains. 

6, Sandstone, slate, gabbro, dry river 
alluvium. 

Loose clayey, sandy soil, rich in alkalies 
and lime, very fertile. 

Jungle (the true primeval 
forest). 
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' The Mangrove forest.—Several deep channels, rich in fishes and navigable by the 
canoes of the natives, occasionally extend in serpentine turns through these mangrove swamps. 
One meets not uncommonly at the end of such channels in a hidden locality villages of the 
natives, as for instance, on Trinket the pirates’ village Dschanoha.’ (Janoba,). ° 

‘The brackish-water alluvium, the ground of the Jthizophori and Ceritkia, must, 
tnerefore he considered as a soil perfectly unfit for cultivation. It occupies only a small area 
as compared with that of the islands, hut it is nevertheless of a. mischievous importance. 
For it can justly be said that the Nioobars owe their unhealthy climate principally to these, 
brackish-water swamps, as they occasionally extend for miles from the mouths of the rivers 
into the interior. In these swampy districts, the change of the fresh to salt water causes a 
decay of the organisms, which can only exist in the former, the reverse takes place in salt 
water changing to Ircsh water. The ebb exposes large areas, and decomposition of the organic 
life takes place, filling the air with most poisonous miasmas.’ 

Dr. Hochstetter says that he especially had opportunity of studying these marked 
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour). 
On the other hand, the coral land appears to he fertile, capable of cultivation, anil healthy at 
the same time, and the dry marine and freshwater alluvium, to which on the sea coast 
belong the cocoa-palm forest, and further inland extending to the back of the hills, a beautiful 
forest of various kinds oi large trees. This is the ground which the natives of these islands 
have selected for their abode, finding here all the necessaries of life. 

The cocoa-palm forest is described by Dr. Hochstetter as the picture of life, and he 
thinks that it the cocoa-palms had not been there, the islands would have been probably 
uninhabited up to this time. He further states that, taking the number of the inhabitants 
of all the islands to be 5,000, there would be about five and a half millions of nuts required 
for annual use. The annual export of cocoa-nnts can further be estimated as about ten 
millions, lor Ca r-Nicobar alone exports between two and three millions. This gives fifteen 
and sixteen millions ot cocoa-nuts to meet the annual demand. On the northern islands, the 
cocoa-palms occupy comparatively a larger area, while on the southern islands, especially on 
Great N ieohar, they are nearly altogether wanting. The northern islands are, therefore, the 
most thickly inhabited, and tie1 cocoa-palms are there divided as property, hut on the southern 
islands they appear to be the free, common, goods of all. 

‘ The Nicobarese not only lives on, but also in, the cocoa-palm forest, having selected for 
himself not only the most comfortable place for his hut, but being on the dry coral ground, 
exposed to the current of the wind, also the most healthy situation.’ 

1 The high forest.—This is chiefly composed of large trees with rich foliage.’ Several 
valuable timber trees, and others, useful on account of their fruits, are here mentioned. 

‘The finest high forest I saw on the southern coast of Car-Nicobar.’ 

‘ The Pandanus forest, in which this remarkable tree suppresses all other vegetation, 
except a few Areca- and ifofrray-palms, occurs only on the swampy fresh-water alluvium 
along the course of rivers and streams, especially near the sea where the rivers form more or 
loss permanent basins. Here it is Pandanus Milore, the largest kind of Pandanus, 
which forms the forests. I believe that what we saw of the Pandanus forest on Pulo Milu, 
was one of the most peculiar pictures of tropical vegetation seen during the whole of our 
journey.’ 

‘ The Pandanus is not cultivated on the Nicohars ; it is most flourishing in a wild state, 
and is, after the cocoa-palm, the most important plant for the natives as regards food: it is 
the truly characteristic plant of the Nicobar islands. 

‘ Grassy plains. II one has succeeded in marching from the flat coral-land through 
the high and Pandanus forests, be generally reaches the foot of hills, rising on the larger 
southern islands, on Great and Little Nicobar to a height of 1,000 to 2.000 feet above the 
sea, hut on the northern islands they are net above 500-600 feet. This hilly land certainly 
occupies v, to } of the whole area. It is composed of rocks of the gabbro and serpentine 
formation, and ot the clayey and sandy tertiary beds formerly noticed. The eruptive rocks 
are comparatively of small extent. Where felspathic gabbro forms the ground, this being 
produced by the decomposition of the rocks may be said to he fertile, it is covered with thick 
forest, hut even the serpentine island Tillang-chong 1ms a flourishing primeval forest. On 
the other hand, a remarkable difference is perceptible in the vegetation ol'the tertiary ground.’ 
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‘ The hills of the northern islands arc to a great extent only covered with grass, those of 
the southern, however, chiefly with a thick forest vegetation. This distinction rests upon an 
essential difference in the composition of the ground. The hills of the northern islands 
consist of a sterile argillaceous soil, those of the southern islands, on the contrary, of a fertile 
calcareous, sandy-argillaceous soil.’ 

‘Where the most favorable tropical climate could produce nothing else, but stiff and dry 
Lalang-graas (Imperata), and rough Cyperacece (Scleria, Cyperus, DiplaeeumJ, surely there 
nature has clearly enough left the stamp of sterility, yet just between such grassy hills, 
which from a distance look so homely I'csembling fields of com, have the colonists on the 
Nancowry channel built their houses and gardens. The grass grows now high enough above 
their burial grounds; the breakers play with the bricks with which they built the houses; 
gardens and fields, every path has disappeared. On Car-Nicobar I saw these grassy plains 
partially cut down, because the natives use the grass for thatching their houses, and on 
Kamorta large strips were in flame.’ 

The grass vegetation, says Rink (loc. cit., p. 136), which to the greatest extent covers 
these islands, is, in the valleys at the base of the hills, very thick and high; it becomes 
however, higher up thinner and shorter. On the places which are sufficiently damp many 
soft grasses may occur rich in juice ; hut on the tops of hills, where the dry magnesian 
elaystone locally penetrates through the scanty layers of soil, and is also partially covered 
with a coarse ferruginous sand, while the showers of rain carry all the finer particles which 
may he produced by decomposition into the valleys, there, as a rule, only dry and rough 
siliceous Or ami neat and Cyperacece are to be met with. 

The area which nmy, therefore, in future he successfully cultivated is that of the southern 
islands, composed of sandstone and slate, producing a fertile argillaceous sandy soil. On 
Little and Great Nicobar with the small islands Pulo Milu and Kondul, the hilly land 
may be estimated at nearly two-thirds of the total area. These islands are therefore in point 
of colonization the most important, and a comparison with Ceylon and Pulo Penang 
shows what could prosper where now impenetrable primeval forest covers the whole surface. 

‘ Primeval forest.—This is of great extent, and the coast inhabitants of Great Nicobar 
tell of the existence of a wild tribe, forest-men, (“jungle men”), with long hair, inhabiting 
small huts or trees and living upon honey, roots and game. But no European eye has yet 
sighted these forest-people.’ Dr. Hoehstetter describes in vivid language the evermore forest- 
clad parts of Great Nicobar, which were visited by some of the party along the deeply 
indented water courses and ravines. 

TV.—Springs, Streams and Pivers. 

The annual rainfall of the Nicobars is unknown. But very likely it is considerable; 
I think 100 inches is an exaggeration, because the two seasons, usually distinguished,—the 
dry one during the north-east monsoons between November and March, and the wet one 
during the south-west monsoons between April and October,—are not so strictly separated 
on these islands as on the neighbouring continent, and according to present experience 
showers are also not rare during the dry season. The driest month of the year may be 
March. We had, during our stay on and round the islands, in this month only three times 
rather heavy showers of rain. In April they become more frequent, until in Slay and June 
the south-west monsoon rolled constant and heavy clouds over the islands. 

If, therefore, peculiar geological conditions do not facilitate a rapid flowing off of the 
rain, the islands cannot have in general a want of water. And of this we coidd convince 
ourselves, inasmuch as the end of the dry season was unfavorable for the quantity of water 
in streams aud rivers. Even the smallest islands, like Pulo Milu and Kondul, though 
their small streams hardly had any water flowing, still had an abundance of fresh water 
in the numerous basin-like depressions of their beds. From the forest-clad heights of 
Tillangchong still r-ippled out everywhere spring water. The numerous streams and 
rivers of the southern large and woody islands, Little and Great Nicobar, possess 
abundance of wrater all the year round. But the northern island, as far as the argillaceous 
beds extend, appears to be deficient in water; this specially is the case on Nancowry, 
Camorta, Trinkut, and probably also on Terressa and Bompoka. I found the small 
streams on Nancowry and Camorta, leading into the Nancowry haven, perfectly dried 
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up.^ The natives only drank cocoanut-water, and they probably obtain the fresh water 
which they require for domestic purposes, &c., like the boiling of Melon, from the fresh 
water swamps, which are locally to be met with in ravines. Of wells, except that made 
near the village Malacca on 1ST an cowry and which is now half in ruin, I saw nothing. 
Car-Nicobar, however, though also composed of argillaceous strata, as the abovementioned 
islands, has no want of good, drinking water, because the large coral land raised from 
8 to 12 leet above the level of the sea, permits the digging of those remarkable wells, the 
fresh water of which falls and rises with the ebb and tide. The explanation of this rare 
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is 
rather the fact that the lighter rainwater floats on the heavier seawater, and the porous 
coral rock only prevents the mixing of the two. I have seen several such reservoirs on 
Car-Nicobar near the villages Mns and Saui, they were all dug from 8 to 10 feet 
through the coral mass nearly to the level of the sea at its highest flood, and contained 
good drinking water. Besides this, a river flows into the Northern Bay of Car-Nicobar, 
which we named Areca Bi ver from the luxuriously growing Areca-palms on its banks ; 
this river is navigable with flat boats two miles upwards, and near the small rapids which 
one meets it also offers good drinking water, containing only a small portion of calcareous 
constituents in solution. 

I have not become acquainted with any mineral or warm springs. The clay-marl 
rocks of the Nancowry haven are, however, seen covered with an inch-thick incrustation of 
sulphate of magnesia (epsom salts) in fine fibres with a silky lustre; this indicates a quantity 
of sulphate of magnesia in the clay-marls, and by digging holes in them, epsom salt waters 
may probably be obtained, such as is the case with the bitter sand3T-marls near Bilin in 
Bohemia. 

V.—Observations on the temperature. 

As we had, according to our instructions, to measure the temperature of rivers and 
springs, and as this task fell to my lot, as far as opportunity offered itself, I would put upon 
record here the few observations in this respect, besides a few remarks on the temperature. 

a.—Temperature of the different waters. 

1. 

2. 
3. 
4. 
5. 

23rd February, on Car-Nicobar, water in the well near the village Saui in 8 feet 
depth in perfect shade 

27th February, on Car-N icoba r, Areea river in the shade of the primeval forest ... 
4th March, on Tillaug chong, western side, a spm>g ij, the shade of primeval forest 
4th March, on Tillan g chong, another spring 
8th March, on Nan cowry, old well of the Moravian Brothers near the village 

Malacc a, water in 8 feet depth in shadow 

25- 7C. 
25'0C. 
2.V5C. 
26- OC. 

25-7, C. 

If it were permitted to make from these few observations a conclusion upon the mean of 
the annual temperature of the Nicobars, this mean would be 25‘58C. (=78'04 Fahrt.) 

I have also measured the temperature of several other wells and streams, but as their 
water was temporarily exposed to the sun, very different results were obtained, as for instance: 

on € a r-N i c o b a r 
24th February, well near M u s, water in 3 feet depth 
25th „ a stream between M u s and Saui 
26th „ rivernearSaui 

onCamorta 
9th March, two streams with muddy stagnant water 

on P u 1 o M i 1 u 
18th March, stagnant, stream water 

27*0C. 
27-8C. 
29'OC. 

27 OC. 

26'5C. 

o.—Temperatures of the soil. 

To obtain further materials for the determination of the mean annual temperature 
I made a few observations on the temperature of the soil, and these gave the following 
results:— 

8th March, on Nancowry near the village In nan g, the thermometer, after it had been 
exposed in a permanently shaded place for 6 hours, showed, when buried in 3£ feet 
depth underground ... ... ... ... ... ... 25*7,C. 

20th March, on Kondul, also in 3£ feet after 6 hours ... ... ... ... 253,C. 

These two observations give, as did those made in water, an 
annual mean of 25'5,C. (=77'9 Fahrt.) 
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This result is smaller than the records known up to the present, but these also do not 
rest upon sufficiently decisive observations. Rink, who, during a stay on the islands between 
January and May 1846, never saw the thermometer under 25°C. and never above 33°C. in 
perfect shade, believes 28°C. to be the most probable mean. 

According to Johnston’s Physical Atlas, the line indicating the temperature of the sea 
surface of 30'5C passes just across the group of islands, the annual isothermal being 26'IC., 
with the January isothermal of 25'0C, and the July isothermal of 272C. 

As regards the monthly means, we obtain from the observations of the Danish Corvette 
Galathea every four hours : 

for January 1846 ... ... ... ... ... ... 28'2C. 
„ February „ ... ... ... ... ... ,,, 28'6C. 

According to the hourly observations on board of the Frigate Novara the mean is— 

For the days 23rd,—28th February 1858 ... ... ... 27'2C. 7 „h 
„ „ „ 1st,-26th March ... .27-5C.jmean 3r25L- 

With this agrees pretty fairly the soil temperature which I measured at a depth of 
one foot. 

On the 26t.h February near Saui ... ... ... 27’7C.') 
„ „ 20th March on Kondul ... ... ... 27'0C. > mean 27'26C. 
„ „ 26th „ on Great Nicobar ... ... ... 27'OC.J 

Finally, with regard to the daily means, they will be found for the time of our stay on 
the Nicobars in the observations recorded on board of the vessel. It occurred to me when 
on Car-Nicobar to see whether the temperature of the water of young coeoanuts, when 
freshly cut down from a tree standing in shadow, would not indicate approximately the mean 
daily temperature. I found on the 26th February, in two nuts, a temperature 27‘2C. and 
27'4C., as a mean 27’3C. The journal kept on board of the Frigate gives for the same 
day, as mean, also 27’3C. 

DONATIONS TO MUSEUM. 

Micraster cor-angumum.—Hertford, England, presented by A. Tween, Esq. 
Belemnites lavis, (2 spec.); B. clavatus, (1 sp.); B. vulgaris, (2 spec.) B. cylindricus, 

(2 spec.) B. sul-aduncatus (2 spec.); B. slriolatus, (1 spec.); B. tubidaris, (2 spec.); 
B. 'penicillatus, (2 spec.) ; B. sulcatvs (1. spec.); Trigonia, Dentalium, Fish teeth (Stones- 
field), &c. presented by Prof. John Phillips, Oxford. 

ACCESSIONS TO LIBRARY. 

From 1st April to 30th June 1869. 

Titles of Boohs. Donors. 

Argyll, Duke of.—Primeval man, 8vo., London, 1869. 

Bourguignat, M. J. R.—Mollusques Nouveaux, Litigieux ou peu connus, 8vo., 1868. 

Beonn, De. H. G.—Klassen und Ordnungen des Thier-reichs. Vol. V, pts. 9, 10, Vol. VI, 
pt. 4, Leipzig, 8vo. 1869. 

Brown, R.—Miscellaneous Botanical Works of—Ray Soc. Vol. Ill, 4to., London, 1868. 

Browne, J. R.—Reports on the Mineral Resources of the United States, Washington, 
8vo,, 1868. The Author. 

Dodd, George.—Dictionary of Manufactures, Mining, Machinery and the Industrial Arts, 
London, 12mo., 1869. 

Dorna, Prof..Alex.—Catalogo delle Leoneidi o stelle meteoriche osservati nel 1867. 

Gebvais, Paul.—Zoologie et Paleontologie generales, Parts 8, 9, Paris, 4to., 1869. 

Gould, A.—Otia Conchologica : Descriptions of Shells and Mollusks, Boston, 8vo., 1862. 
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Titles of Books. Donors. 

Hanley, S.—Catalogue of Recent Bivalve Shells, London, 8vo., 1842—1856. 

Jaccard, A.—Materiaux pour la carte Geologique de la Suisse, Liv. 6. Jura Vaudois et 
Neuckatelois, with 2 maps, 4to. and fob, Berne, 1869. 

Kaesten, De. G.—Beitrage zur Landes-Kunde der Ilerzogthilmer, Schleswig und Holstein, 
I, Eeike, lift. 1, 4to., Keil, 1869. 

Maack, De. G. A.—Die bis jetzt bekannten fossilen Schildkroten und die im oberen Jura 
bei Kelbrim (Bayern) und Hannover neu aufgefundenen altesten 
arten derselben, Palajontographica, XVIII, pt. 6, Cassel, 4to., 1869. 

Martinez, D. M. de Gongoiiay.—Antiguedades prehistoricas de Andalucia, Bov. 8vo., 
Madrid, 1868. 

Phillips, John.—Vesuvius, fep 8vo„ Oxford. 1869. 

Pictet, F. J., Materiaux pour la paleontologie Suisse ou recueil de Monographies sur les 
fossiles du Jura et des Alpes, pt. 4, No. 2, 4to., Geneve, 1869. 

Pons on, A. T.—Traite de l’exploitation des Mines de Houille, Vol. I, with folio atlas, Liege, 
8vo„ 1852. 

Quaeitch, Bernard.—General Catalogue of Books, London, Svo., 1868. B. Qiiaeitch. 

Quenstedt, F. A.—Petrefactenkunde Deutschland®, Vol. II, pt. 1, Leipzig, 8vo, 1868, 
with atlas. 

Reid, H. A practical treatise on the manufacture of Portland cement, with translation of 
Lobwitz’s treatise, 8vo., London, 1869. 

Schimpee, W. P. H.—Traite de Paleontologie Vegfitale, Vol. I, Paris, 8vo., 1869, with 
Atlas. 

Someeville, Maey.—On Molecular and Microscopic. Science, 2 Vols., 8vo., London, 1869. 

Stewaet, J. L.—Punjab plants, comprising botanical and vernacular names, and uses of the 
trees, shrubs, and herbs, Lahore, 8vo., 1869. 

Styefe, Knot.—Elasticity, extensibility and tensile strength of iron and steel, London, 
8 vo., 1869. 

Victoria Government.—Prize essays, 1860, 8vo., Melbourne, 1861. 

Whitney, J. D.—Geological Survey of California, Palaeontology, Vol. II. pt. 2, roy. 8vo. 1869. 

Peeiodicals. 

American Journal of Concbology, Vol. IV, pt. 4, Philadelphia, 8vo., 1868. 

American Journal of Science and Aits, 2nd Ser. Vol. XLVII, Nos. 139, 140, New Haven 
8vo., 1869. 

Annales des Mines, Paris 8vo., 1st Series, Vols. 1 to 13, 1816-26 ; 2nd Ser. Vols. 1 to 8 
1827-30; 3rd Ser. Vols. 1 to 20, 1832-41, 4th Ser. Vols. 1 to 20* 
1842-51. 

Annales des Mines, 6th Ser., Vol. XIV, 1868, Vo. XV, 1869, Paris, Svo. 
L’Administration des Mines. 

Annals and Magazine of Natural History, Vol, III, Nos. 16, 16, 8vo., London, 1869. 

Beitrage zur Geognostischen Kenntniss der Erzgebirge, pt. 3, Freiberg, 8vo., 1869. 

Engineer's Journal, Calcutta, New Ser., Vol. XII, Nos. 16, 17, 18, 4to. Calcutta, 1869. 

Geographische Mittheilungen, edited by Dr. A. Petermann, Pts. 1, 2, 3, 1869, 4t,o., Gotha. 

Geological Magazine, Vol. VI, Nos. 2, 3, 4, 8vo„ London, 1869. 

Journal de Conckyliogie, 3rd Ser. Vol. IX, No. 2, Paris, 8vo., 1869. 

Journal of Travel and Natural History, edited by A. Murray, Vol. I, No. 6, London 8vo 
1869. 

Malakozoologische Blatter XVI, J Bog. (Dr. L. Ffeiffer) Cassel, 8vo., 1869. 
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Titles of Books. Donors. 

Martini und Chemnitz, Sytematisches conchylien cabinet, Yol. Ill, Heft XXVI, Lief. 189, 
4to., Numb erg, 1868. 

Neues Jahrbuch fiir Mineralogie, Geologie, und Palseontologie, Heft 1, 2, Stuttgart, 8vo,, 
1869. 

Palseontographica, XVIII, 6. Cassel, 4to., 1869. 

Pakeontographical Society, Vol. XXII, 4to., London, 1868. 

Novitates Conchologicse, by Dr. Pfeiffer, Vol. I, pt. 33, Cassel, 4to., 1869. 

Novitates Conchologicse, Supp. Ill, Monog. d. Molluskengattung Venus, E. Romer, Pts. 16, 
17, Cassel, 4to., 1869. 

Poggendorff, J. C., Annalender Pliysik und Chemie, Leipzig, Indices, 8vo., 1844-54-65. 

Professional Papers on Indian Engineering, Vol. VI, No. 23, Roorkee, Roy. 8vo., 1869. 
Principal, Thomason College, 

Quarterly Journal of Science, No. XXII, London, 8vo., 1869. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIV, London, 8vo., 1869. 

Revue Universelle des Mines, de la- Metalhirgie des travaux publics des sciences a l’industrie. 
12me annee, Parts 5 and 6, Brux, 8vo., 1868. 

Government Selections, &c. (from the Governments). 

Bengal.—Hill Tracts of Chittagong and the dwellers therein, by Captn. T. H. Lewin, 
Calcutta, Roy. 8vo., 1809. 

„ Report on the results of the administration of the Salt Dept, for 1867-68. Calc., 
Pol. 1868. 

Report on the external commerce of Bengal for 1866-67. Calcutta, Pol. 1868. 

Report on the Financial results of the excise administration in the Lower Prov¬ 
inces for 1867-68, Fol. Calcutta, 1868. 

ii 

if 

Report on the administration of the License Tax under Acts XXI and XXIX of 
1867 in the Lower Provinces for 1867-68. Calc., P'ol. 1869. 

Report on the drainage and conservancy of Calcutta, 4to., 1869. Calcutta. 

Bombay.—General report on the administration of the Bombay Presidency, 1867-68. Roy 
8vo. Bombay. 

Burmah.—British Burmah Revenue Report, 1867-68. Extract from proceedings iu the 

Foreign Department, No. 234. Moulmain, 8vo. 1869. 

„ Extracts from proceedings of the Chief Commissioner, British Burmah, in the 
Home Department No. 264. Vaccination Report, 1867-68. 8vo. Ran¬ 

goon, 1868. 

India.—List of civil officers holding gazetted appointments on the 1st January 1869. 8vo. 
Cal. 1869. 

Annals of Indian Administration, 1866-67, Vol. XII. pt. 4, 1868. Serampore.' 
8vo. 1868. 

„ Bibliotheca Indica, Ain-i-Akbari. New Series, No. 157. Calcutta, 4to. 1869. 

„ Geographical and Statistical report of the Topographical Survey of Chota Nagpore 
Division, 1868. Calcutta, Fol. 1869. 

Madras.—Selections from the Records of the Madras Government. Annual Report on Civil 
Dispensaries for 1867, 8vo., Madras, 1869. 

N. W. Provinces.—Selections from Records of Government, North-Western Provinces, 2nd 
Series, Vol. I, Nos. 3, 4, 8vo., Allahabad, 1868. 

„ Selections from the Records of Government, North-Western Provinces, 
2nd Series, Vol. II, No. 1, 2, 8vo., Allahabad, 1869. 
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Titles of Books. Donors. 

Oudh.—Selections from Records of Oudh. Carriage for troops, 8vo., Lucknow, 1869. 

„ Report on the Revenue Administration in the Province of Oudh for year, 30th 
September 1868. Lucknow, Pol. 1869. 

Punjab.—Annual Report on vaccine operations in the Punjab for 1868. Lahore, Fcp. 1869. 

„ Report of the Lahore Medical School for the year ending 31st March 1869. 
Lahore, Pep. 1869. 

„ Annual Report of the Lahore Lunatic Asylum for 1868. Lahore, Pep. 1868. 

„ Selections from the Records of the Government of the Punjab and its Depen¬ 
dencies. New Series, No. Ill, 1869. 8vo,. 1869. 

Transactions of Societies, &c. 

Berlin.—Zeitschrift der Deutschen Geologischen Gesellschaft, Yol. NX, pts. 3, 4, 8vo., 
Rerun, 1869, The Society. 

JBrussells.—Bulletins de 1’Academic Royale des Sciences, des lettres et des beaux-arts de 
Belgique, Vols. 1 to 23, 1832—66. 

„ Anuuaire de l’Academie Royale des Sciences et Belles letters. Bruxelles. 
12mo., 1836—67. 

„ Memoires Couronnes et Autres Memoires, Vol. I to XIY, Bruxelles, 8vo., 
1840-62. 

Calcutta.—Records of the Geological Survey of India, Vol. II, pt. 2, 8vo., Calcutta, 1869. 
The Suevet. 

„ Journal of the Agricultural and Horticultural Society of India, New Series, 
Yol. I, pt. 3. The Society. 

„ Journal of the Asiatic Society of Bengal, Vol. XXXVIII, pt. I. Nos. 1 and 2. 
pt. II, No. 2, 8vo., Calcutta, 1869. , The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 4, 5, 6, 1869, 8vo., Calcutta, 
"1869. ' The Society. 

„ Rules of the Asiatic Society of Bengal, 8vo., Calcutta, 1869. The Society. 

Christiania.—Gaea Norvegica, Parts I, II, III, Christiania, Polio, 1838. 
Royal University of Christiania. 

„ Memoires pour servir a la connaissance des Crinoides vivants, by M. Sars, 
Christiania, 4to., 1868. Royal University of Christiania. 

„ Om Underberget ved Kongsberg og om Guldets Forckomst Sammesteds, by 
Th. Hiortdahl, Christiania, 8vo., 1868. 

Royal University of Christiania. 

Dresden.—Sitzungsberichte der naturwissenschaftlichen Gesellschaft Isis, in Dresden. Jahr, 
1868, Nos. 7, 8, 9, 10, 11, 12, 8vo., Dresden, 1868. The Society. 

Geneva.—Memoires d’ 1’ Institut National Genevois, Vol. XII, Geneve, 4to., 1869. 

Gottingen.—Nachrichten yonder K. Gesellschaft der Wissenschaften und der Georg-Augusts 
Universitat aus dem Jahr, 1868, Gottingen, 12mo., 1868. 

The Society. 

Lisbon.—Memorias da Academia Real das Sciencias de Lisboa, Nova Serie, Vol. I, pts. 1, 2; 
Vol. II, pts. 1, 2; Vol. Ill, pts. 1, 2, Lisboa, 4to., 1854-65. 

London.—Journal of the Society of Arts and of the Institutions in Union, Vol. XVII, 
Nos. 847-857, 8vo., London, 1869. The Society. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 
Vol. Ill, No. 2, 8vo., 1868. The Society. 

„ Proceedings of the Royal Geographical Society, Vol. XIII, No. 1, 8vo., London, 
1869. The Society. 
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Titles of Looks. Donors. 

London.—Proceedings of the Royal Society, Vol. XVII, Nos. 108, 109, 110, London, 8vo. 
1869. " The Society. 

„ Quarterly Journal of the Geological Society, Vol. XXV, pt. I, No. 97, 8vo., Lon¬ 
don, 1869. ' The Society. 

„ Royal Society’s Catalogue of Scientific papers (1800—1863), Vol. II, published by 
Royal Society, London, 4to., 1868. 

„ Transactions of the Royal Geological Society of Cornwall, Vol. V, London, 8vo., 
1843. 

Madrid.—Libros del Saber de Astronomia del Rey D’Alfonso X, de Castilla, Vol. V, pt. 1. 
Madrid, Imp., 1867. Madrid Royal Society. 

Melbourne.—Transactions and Proceedings of the Royal Society of Victoria, Vol. VII, 
1866, Vol. VIII, pts. 1 and 2 for 1867-68; Vol. IX, pt. 1 for 1868. 
8vo., 1868. The Society. 

„ Transactions of the Royal Society of Victoria, Vol. V, 8vo., Melbourne, 1860. 
The Society. 

Moscow.—Bulletin de la Societe Imperiale des Naturalistes de Moscow, Vol. XLI, No. 2, 
Moscow, Svo, 1868. The Society. 

Paris.—Bulletin de la Soc. Geologique de France, 2nd Ser., Vol. XXV, No. 5, Paris, 8vo., 

1869. The Society. 

„ Memoires presentes par divers Savants a l’Academie des Sciences de T Institut Im¬ 
perial de France, Vol. XVIII, XIX, Paris, 4to., 1868. 

The Academy. 

„ Memoires de l’Academie des Sciences de l’lnstitut Imperial de France, Vol. XXIX. 
1867, XXXV, 1866, XXXVII, 1868, Paris, 4to. The Academy. 

Comptes Rendus hebdomadaires des Seances de l’Academie des Sciences, Vols. LV to 
LXV, LXVII, Paris, 4to. The Academy. 

Philadelphia.—Journal of the Franklin Institute, Vol. LVI, No. 6, 8vo. The Institute. 

„ Journal of the Franklin Institute, 3rd Series, Vol. LVI, No. 6. LVII, 
Nos. 1, 2, 3, Philadelphia, 8vo, 1869. The Institute. 

,, Transactions of the American Philosophical Society, 2nd edition, Vols. 1 
to 7, 1789—1809, New Series, Vols. 1 to 9 and 11 to 12, 1818—63. 
Philadelphia, 4to. 

Salem.—Proceedings of the Essex Institute, Vol. I, 1848—56, Vols. II, III, 1860—63, and 
Vol. V, Nos. 3 to 8, 1866—67, 8vo., Salem, 1868. The Society. 

Stockholm.— Kongl. Vetenskaps Academiens Handlingar for ’Ar, 1828, Stockholm, 8vo„ 
1829, Indices. 

Turin.—Memorie della rea.le Accademia delle Scienze di Torino, 2nd Series, Vol. XXIV. 
Torino, 4to., 1868. The Academy. 

„ Atti della R. Accademia delle Scienze di Torino, Vol. Ill, pts. 2, 3, 4, a, 6, 7, 8, 
from December 1867 to June 1868, Roy. 8vo., Torino. 

The Academy. 

Victoria.—Transactions of the Philosophical Institute of Victoria, Vol. II, pts. 1 and 2 for 
1857, Vol. Ill for 1858, Vol. IV for 1859, 8vo. Melbourne, 1860. 

The Institute. 

Wien.—Denkschriften der Kaiserlichen Akademie der Wissenschaften, Mathematisch-Natur- 
wissenschaftliche Classe, Vol. XXVIII, Wien, 4to., 1868. 

The Academy. 

„ Jahrbuch der kais. kon. Geologischen Reicks-anstalt, Vol. XVIII, pts. 3, 4, Wien, 
Roy, 8vo., 1868. The Institute. 
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Wien.—Verhandlungen der k. k. Geologischcn Reichs-anstalt, Nos. 11—18, Wien, Roy. 
8vo., 1868. The Institute. 

„ Sitzungsberichte der Kaiserlicben Akademie der Wissenchaften, Matbematische 
Naturwissenschaftliche Classe, 1st Division, Vol. LVII, pts. 1, 2, 3, 
Wien, 8vo., 1868. The Academy. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Matbematische 
Naturwissenscbaflliche Classe, 2nd Division, Vol. LVII, pts. 1, 2, 3, 
Wien, 8vo., 1868. The Academy. 

Maps, Geological, &c. 

Romer, F.—-Geognostiscb Karte von ober-Sehlesien, Nos. 7 and 10, Folio, 2 Maps. 

Hauer, Franz Ritter V.—Geologische Uebersichts-karte der Oesterreichiseben Monarchie, 
Blatt. X, Wien, 1868. 
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On the beds containing Silicified Wood in Eastern Peome, Beitish Burmah, by 
Wm. Theobald, June., Esq., Geological Survey of India. 

No fact relating to the geology of Pegu is better known than the abundance of silicified 
wood occurring in the valley of the Irawadi, but as no detailed account has hitherto been 
published of the beds from which this fossil wood has been derived, it is my intention in the 
present notice to give such a sketch of them as will show their most salient points of interest 
and facilitate the recognition of the group elsewhere, where its occurrence might from its 
mineral character he overlooked and its beds confounded with other and more recent deposits. 
At the same time I shall, as much as possible, restrict myself to the area of Eastern Prome 
and to the fossil-wood group proper, only incidentally alluding to the groat series of beds 
with which it is intimately connected, and on which it rests, as each group has a marked 
facies of its own, is generally, as a rule, easily recognizable and characterised by entirely 
different organic remains, though the balance of evidence as yet tends to prove a passage 
from one to the other and an undisturbed sequence in the beds composing them. The 
fossil-wood group, too, is the smaller and, as regards its organic remains, the simpler of the 
two, and can therefore he treated by itself more conveniently than in connexion with the 
lower, from which the organic remains require much additional study and comparison with 
living species, for which very imperfect facilities at present exist. 

The most familiar form in which fossil-wood occurs in the Irawadi valley is that of well 
rolled and polished pieces of from one to six inches in length, distributed through the coarse 
shingle which underlies the ordinary alluvial clay of the province and is freely exposed in the 
bed of the Irawadi at a variety of places, as, for instance, under the station of Thaiet-mio 
and on the opposite bank under the deserted fort of Miadc. Opposite Prome also a 
great thickness of this gravel, less coarse than at Miade, but equally well supplied with well 
worn and rounded fragments of fossil-wood, occurs, fully SO feet thick, and rising to a height 
of about 60 feet above the present Hood-level of the Irawadi.* 

Besides the ordinarily sized pebbles of fossil-wood, there occur in the gravels towards the 
frontier, as close to Thaiet-mio, for instance, well rounded logs of silicified wood, some two 
or three feet or more in length. These, of course, have never travelled very far from their 
original site, and we accordingly find the parent beds of this quasi-ubiquitous fossil-wood 
in force but a very few miles from the river, whilst irrefragible evidence presents itself of the 
former extension of these beds ovor a much larger area than now occupied by them even as 
far south as Rangoon in the chips of logs of fossil-wood of a size too great for distant 
transport, either resting on some lower member of the group, or encased in more recent 
deposits, the detritus of the beds which originally enveloped them, and with no greater 
change of position than that wrought by the mere action of gravity during the long process 
of denudation going on around them. 

It is not easy very precisely to describe the distribution of this group without reference 
to a map, but in Eastern Prome the area it occupies may he taken at something less than 

* The coarse character of this gravel or shingle, the well rounded and polished condition of its ingredients, 
consisting of the hardest silicious rock, and tiro somewhat mixed size of the pebbles, seem to me greatly iu 
favor of the marine origin of this gravel at a period antecedent to the formation of the present river valley, when 
the sea was wearing away tin siialy rising beds [ am now about to describe, though i cannot so much as guess at 
tlie source of those siiieious rocks of which most of the pebbles consist, so dilfercnt are they from anything now found 
iu the neighbourhood, or I might say province. 
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TOO square miles, of which not more than a, bare fifth or sixth is covered by the highest sandy 
bed with which the fossil trees are associated, and which from its incoherent character has 
everywhere suffered to the greatest extent from the action of denudation. There can be no 
doubt that the entire group formerly extended as an uninterrupted deposit far below the 
latitude of Rangoon, though the highest member of the group with its associated fossil- 
trunks docs not extend down now in force nearer than 130 miles or thereabouts to that town, 
or not south of the Tonnguyo nulla. The exact termination to the south, however, of this 
fossil-wood bed is rendered very obscure, by its merging, so to speak, in the debris which 
has resulted from the waste of the group, and beneath which it sinks and is lost si"-ht of. 
That it formerly extended much further south is rendered certain (and perhaps the occur¬ 
rence, in situ, of patches beneath the newer accumulations at the present time is also indicated) 
by the occurrence of large pieces scattered about within the area of the detrital beds above 
mentioned, of a size such a s to preclude the idea of transport from a distance ; as, for instance, 
between the Okhan and Thonsay streams, where a log of not less than four feet in length is 
embedded in a mass of confused detritus fully- 65 miles south of the spot I have assumed as 
the southerly limit of the group containing the fossil wood in situ. Smaller pieces of fossil 
wood are found much nearer Rangoon and in cuttings iu the neighbourhood. Those pieces 
on my first visit to Rangoon, and before I entertained any suspicion of the connexion of 
the beds at Rangoon and those containing the silicified wood, 1 was inclined to regard 
as brought to the spot by human agency, as the Burmese are fond of surrounding their reli¬ 
gious buildings with posts of this wood “ Engiu chouk," hut I am now convinced that 
such is net the case, but that the pieces in question are derived either from the wasted 
and missing Upper beds or from the lower ones of the group still remaining, which, as 
I shall show, contain the same fossil-wood, though sparingly and never in the same sized 
pieces as the upper or emphatically the fossil-wood bed of the province. Thus the fossil- 
wood in the Promo district occurs in two distinct formations and under very different 
conditions, viz., in tho form of entire tranks in situ or fragmentary pieces, but little rolled, 
and in well worn or polished pieces, some of large size, but more frequently as pebbles, which 
form a conspicuous ingredient iu the recent gravels. 

Below I give, in descending order, a table of the main divisions into which the miocene 
beds east of tho Irawadi may be divided, the upper three of which constitute the fossil- 
wood group of which I am now treating :— 

Miocene. 

(Descending). 

Fossil-wood grouty. 

(a).—Sand—in parts gravelly and conglomeratic—characterised by the profusion of 
concretions of peroxide of iron associated with it; fossils, trunks of silicified 
exogenous wood and locally mammalian bones. In the subordinate beds of 
conglomerate, rolled fragments of wood as above, silicified, (that is, mineralized 
subsequently to their entombment), mammalian and reptilian hones and teeth 
of cartilaginous fish. 

O').—Pine silty clay with a few small pebbles mixed with sand in strings here and there 
the whole very fine and homogeneous aud devoid of fossils. 

(c) .—A mixed assemblage of shales, sand, and conglomerates, the last very subordinate, 
partaking much of the characters of beds a—b ; a little of the concretionary 
peroxide of iron. Fossils, rolled wood silicified; mammalian and reptilian 
hones and cartilaginous fish teeth. Towards the base, the beds contain marine 
shells, and pass into those of the next group. 

Pegu 6-routy. 

(d) .—An enormous succession of saudstones and shales of unknown thickness and not 
usually fossiliferous. Particular beds, however, contain fossils in profusion : 

(e. g., d-1.—Hard sandstone with corals (Cladocera). 

d-2.—Blue Kama clay, highly fossiliferous. 

d-3.—Ci/therea Promensis bed or Prome sandstone, 
and numerous others which cannot be specified till their fossil 
contents have been more especially examined). 
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(a).—This bed which we may fairly suppose to have been once co-extensive with the rest 
of the group is now greatly diminished in area by denudation, which its mineral character 
even more perhaps than its position at the top of the same has tended to encourage, so that 
even within the ai’ea where it is at present best preserved it by no means constitutes the 
entire surface, being everywhere deeply scored through to the underlying beds below. The 
surface is everywhere protected by a gravcdly layer composed of small quartz pebbles and 
ferruginous concretions derived from pebbly strings and irregular courses of conglomerate 
dispersed through the sand, which readily washing away leaves the residual layer in 
question at top ; to the protection afforded by which against further waste, the existence 
of what still remains of this incoherent bed is largely due. This surface layer is of 
variable thickness, its development being, to some extent, a measure of the denudation 
this group has undergone. On the surface and impacted in it at different depths where 
it is very thick lie logs of silicified wood of all sizes from a foot or so to trunks of 40 and 
50 feet, not entire, but jointed up into pieces of various lengths through spontaneous fracture, 
probably brought about by their own weight, and irregular subsidence during the removal 
of the friable matrix wherein they were originally encased. Though, as a rule, these large 
logs occur as described in a gravelly debris, they sometimes occur relatively to the incoherent 
sand so as to leave no doubt of its being the bed wherein they were originally deposited, 
and on which they may be sometimes seen apparently in situ, as between Thanat-ua and 
lviungee, and not only in this bed hut in the beds beneath it, the same fossil-wood occurs, 
though in smaller pieces, and much less abundantly. The larger logs are quite unrolled, 
hut the smaller pieces are often rounded by transport, though never to the extent seen 
in the pieces of fossil-wood contained in the recent gravels. When this sand rises into 
hills, the sides are invariably steep, and not unfrequently scarped, exposing a clean vertical 
section of sand with its crust of gravel at top. This sand weathers into curious pinnacles 
wherever an isolated stone, shell, stick, leaf, or other foreign body has afforded shelter 
from the direct impact of rain, and the incoherent rock all round washing away eventually 
leaves the protecting substance perched on a. slender pinnacle of sand, which recalls the 
similar phenomenon of the “ earth-pillars of Botten” figured by Sir 0. Lyell in the 10th 
Edition of his “ Principles.” 

In color this sand is greyish, very fine and uniform, and with only a certain admix¬ 
ture of impalpable argillaceous matter forming, where exposed, to traffic, a fine dust, or, 
in the beds of streams where the argillaceous portion has been removed by water, a clean 
silver sand very fatiguing to travel over. Though the sand I am describing unquestion¬ 
ably contains silicified wood, yet it seems probable from the great abundance of large 
trees strewed over the surface, that they existed more plentifully in that topmost portion 
which has almost disappeared through denudation leaving only these bulky memorials behind 
it, than elsewhere. The structure of the wood has been to a considerable extent obliterated 
by decay before its mineralization was effected, and aU that can he definitely said of it is 
that the wood is exogenous and not a conifer. I have remarked but one species in Pi-onie, 
though the Burmese, from trivial distinctions in color and weathering, affect to recognise the 
modern Eujin (Hopea suaraj and the Tliiya (Shorea obtusa), an identification of course quite 
illusory. This wood nowhere exhibits any traces of marine action as might have been 
anticipated had it floated about till water-logged in a brackish or purely salt estuary, and 
hence it may he inferred with considerable probability that it floated about in a fresh¬ 
water sea, or chain of lakes fed by a sluggish stream, till it sank where it became 
ultimately silicified. It must at the same time be remembered that the wood found in beds 
containing marine fossils is also free from perforations, but these are small pieces, much 
rolled prior to their entombment and probably under conditions on some sub-marine bank 
unfavorable to the presence of either JJ/tolas or Teredo. In some pieces of fossil wood 
I have noticed minute tubular cavities (perforations?) about '02 or less in diameter, which 
might have been produced by some insect whilst the trunk was still standing, but such 
cases are rare. Associated with this sand, and forming sometimes irregular beds in it, or more 
frequently lenticular courses, now thickening, now thinning out, occur some hard sandstones, 
sometimes very fine grained, at others a pebbly grit, or even coarse conglomerate. No regular 
position in the sand can he assigned to these subordinate layers, hut the fine hard sandstone 
often occupies a'high position in the deposit, whilst a coarse conglomerate is not unfrequently 
met with towards its base. Both sandstone and conglomerate are usually richly charged 
with shark’s teeth of small size CLamnaJ, the conglomerate being usually ossiferous as 
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well, though throughout the deposit the occurrence of bones is irregular, capricious, 
and local. 

A good section displaying the relation of these grit-courses to the less coherent rock 
around them, is seen in the hills about three miles east of Shuebandor, or about fifteen miles 
east of Alan-mio. The hills are here steeply cut in the bed I am describing, the surface 
being covered with the usual gravel, with abundance of silicifiod wood and ferruginous 
concretions, the former completely blocking many of the deep gullies cut on the hill side. 
Strewed about here may likewise be seen numerous lustrous fragments of iron slag, from 
the native furnaces once scattered over these hills. The sand here presents its usual incohe¬ 
rent, typical character, but a compact sandstone, passing into a coarse grit in patches, is 
somewhat freely developed in irregular lenticular courses in it. On the surface of the inco¬ 
herent sand at this spot, and evidently weathered out of it, I picked up a fragment of the 
lower jaw of a deer, and from the immediate vicinity I collected mammalian bones, mostly 
ill preserved and fragmentary, shark vertebras and teeth, and chelonian plates (Colossochelys 
and two species of Emys). In the great, slabs of grit lying about amidst the debris of the 
wasting sand which enveloped them shark’s teeth were plentiful, accompanying mammalian 
bones and fragments of wood, many of which had been perfectly rounded by attrition 
before they were embedded. These pieces of wood are, however, not common. Another 
locality where bones are still more abundant is one-half mile north-east of Talok, or fourteen 
miles north-east of Thaiet-mio on the east bank of a stream not marked on the map. Bones 
are here far from scarce, but friable and ill preserved. They occur both in the incoherent 
sand and also in the coarse grit and conglomerate associated with it, together with shark's 
teeth and small pieces of wood. At this spot there is a good deal of coarse conglomerate, 
and in accordance with the indications afforded by these coarser beds we find the bones 
of a larger size, and many of these much rolled and abraded before they were finally 
embedded. Here I got a fragment of the lower jaw of an elephant, together with fragment¬ 
ary portions of the limb bones of that animal, all imperfect either from original violence or 
subsequent decay, the former cause certainly operating in some instances. 

I may here remark that the bones found in this group (within the area I am now concerned 
with) are not all in the same mineral condition. The majority are somewhat imperfectly mineral¬ 
ized and consequently decay very readily when bared to the atmosphere by the wasting of the 
surrounding rock, and this I am convinced is the reason of so few bones being found on 
the surface, even in spots where the rock is seen to contain them somewhat plentifully. 
A few fragments may here and there remain, but most of the bones noticed by me were so 
tender, that it was clear that a short exposure to atmospheric action would reduce them to 
crumbling masses, which would break up and leave scarcely a trace behind them. A bone is, 
however, here and there found in the water courses well mineralized and calculated to defy 
atmospheric action, but the scarcity of these fragments attests that such is not the usual 
condition of bones in these beds. That these well mineralized bones are derived from the 
same beds as the more friable ones is undeniable. The best mineralized bone perhaps met 
with was the part of a deer’s jaw above mentioned, and this most Certainly was derived from 
the soft incoherent sand whereon I picked it up. The astragalus of a ruminant f' Cervine 1) 
found also by me during a former season, was in like manner an isolated example of well pre¬ 
served bone, though being found in a small stream its parent bed was not demonstrable. In 
Upper Burmah well mineralized bones are probably more common to judge by those which have 
been at various times collected there, and the difference is merely the result of different condi¬ 
tions at the time of their deposition, such as we might expect to prevail, and depending pro¬ 
bably on the irregular access or supply of silica in solution. That tho supply of this silica 
must have been at some period abundant is testified by the enormous amount of silicified 
trunks everywhere met with, but the horizon of these is certainly higher than that at which 
the bones in question occur, and although small pieces of silicified wood occur commingled 
with the bones, it docs not therefore follow that the same abundant effusion of silica took 
place at the time of their deposition as subsequently occurred when whole forests were silici¬ 
fiod, and this I should be inclined to regard as the true explanation of this condition of 
most of the bones in this sand, viz., an insufficient supply of silica in solution. 

As a rule, it is not, however, in the sand but in the coarser and more conglomeratic beds 
that the bones seem mostly to occur, of which a good instance is seen midway between 
Ornouk and Lema, some 19 miles east-south-east from Thaiet-mio. Here a great bed of 
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conglomerate is seen dipping 30° south-east in which I noticed the tusk of a small elephant, 
hut too friable to be extracted from its hard matrix, together with other bones, all in a poor state, 
and more or less injured by rolling about on a coarse shingle before their final consolidation. 

Next to the presence of silicified wood, a remarkable development of concretionary 
peroxide of iron seems to characterise the sand I am describing. The ore occurs occasionally 
as a thin band, up to perhaps a thickness of three inches, breaking up or jointing into 
rhomboidal concretionary masses of different sizes and shapes. More usually the ore occurs 
in the form of variously shaped concretions from one to four inches in length, though occa¬ 
sionally even larger. These concretions are found in both the sand and conglomerate, to 
which last when numerously developed they impart a peculiar varnished look, which might 
sometimes be almost styled (but for the technicality of the term) viscous or slaggy. The 
more usual shape of these concretions is flatfish oval or amj-gdaloidal, but they occur spherical, 
cuboidal, cylindrical, with both flat and hemispherical ends, discoidal and any intermediate 
form, but always symmetrically proportioned, and the result of a segregative action or pro¬ 
cess in the clayey and ferruginous components of the bed when in a plastic condition. Of 
whatever shape however, their structure is extremely uniform, consisting of an external crust 
of concentric layers of brown haematite surrounding a kernel of pure white or yellowish 
clay, lying loose and shrunken in the interior. 

Externally these nodular concretions are roughened from the adhesion of tile sand enve¬ 
loping them, but this rough crust scales off' readily, leaving their surface perfectly smooth. 
Internally they often present a blistered appearance from the mammillary crystallization 
of Limonite which lines them, becoming on exposure to the atmosphere and rain lustrous and 
varnished. Where the bed has been of too harsh a character to permit the regular segre¬ 
gation of the ore, it is found lining sinuous cavities in the coarse matrix, leaving Hat, 
approximating walls, evidently produced by shrinkage, which gives such portions a very 
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal 
structure is induced where the rock is less coarse.* 

The thickness of this upper sand cannot be closely estimated, hut 40 feet is probably 
more than the average thickness of what now remains of it. 

(b).—Below the last described sand occurs a deposit of very uniform character composed 
of pale silty clay which passes upwards into the overlying sand. This silty clay is very 
fine, thin bedded and homogeneous, with merely a few strings of sand here and there, and 
an occasional small pebble in the sand. It is everywhere seen at the base of the last bed 
into which it seems to pass, though their respective characters constitute a good means of 
demarcation between them. It is entirely devoid, as far as observation goes, of organic 
remains. A good section of this silty clay is seen south of Thanat-ua, between Alan-mio 
and Kiungale, but the bed presents no special point of interest. 

It is also largely exposed in section If miles east of Talok on ascending out of the 
stream (previously noticed as unmarked in the map), but it merely presents the same uniform 
character and absence of fossils, which distinguish it elsewhere. Where the upper sands have 
been completely denuded so as to leave exposed a large area of this bed, an undulating country 
is the result, possessing a marked character. The surface of the country does not them 
greatly differ in appearance from that seen within the area of the alluvium, and it would not 

♦ Under the Burmese rule this ore was extensively smelted, but, no furnaces are now anywhere at work in the 
district, iiemams of furnaces which were merely rectangular kilns, cut in the firm alluvial day of some steco 
bnuk, which gave easy access at top for replenishing ore and fuel, and below for withdrawing the products are 
numerous about Shuebnndor, Kiungald, and Yebor, together with slag-heaps, sometimes of no inconsiderable 
dimensions. Throughout the area of these upper sands, however, slag may he found here and there scattered about 
as the iron-workers shifted their seen# Of operations from spot to spot, wherever charcoal and ore was for Sie tin!# 
most plentiful. The works must have in many eases been conducted in the dry season only, as the hearths of some 
furnaces still standing open into the beds of streams which during rain would certainly have found an entrance 
to them. The blowing apparatus was probably the effective vertical cylinder bellows formed of large bamboos still 
in use in the district by blacksmiths, but the oldest inhabitant could give mo no particulars of the inanulhcture 
as none of the elass of iron-smelters now remain in the district. The introduction of English iron and steel Ins 
doubtless been the mam cause of the abolition of this branch of industry, aided bv the harsh and injurious system 
of the Burmese officials during the early struggles with the British, but in some places it was alleged that the* iron¬ 
workers had fled the country to avoid lining forcibly transported to Calcutta to make iron for the terrible foreigners 
This may seem very absurd, hut those who know the ingrained credulity and ignorance of Asiatics will be inclined 
to give some weight to tile reason stated, though it is probable that this Tear, stronyly as it may once have operated 
is no longer felt, though the state of the market and the price of iron now ruling hi Pegu prevents the resuscitation 
oi me traae. 
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be easy in a limited space to discriminate the clay in question from the ordinary alluvial 
clay of the valley. Where, however, freely exposed, it presents much the appearance of a 
regur, save in color, which is a pale yellowish-gray, quite devoid of any tinge of red which 

the alluvial clay generally possesses, and equally so of the dusky carbonaceous hue of a 
regur. From some peculiarity in its composition or hygrometric qualities it in dry weather 
opens out in great cracks, and is always covered with a sparse crop of stunted grass in 
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the 
trees composing it, present among which are the Toukkian (TermiruiUa flut or o carp a), Te, 
(Diospgros. sp.), and the “ S b abiu” of the Burmese (PhyllaniJms emblica)* The country 
around Laidi comprising the doab between the Fade and M yo-hla streams is composed of this 
el ay with sparing remnants here and there of the upper sands. It is largely exposed, too, in 
the broad valley about Lepalak (Let-pan-hla) and between that village and Chonk-soung 
(“stone fang ). Towards the mouth of the Myo-hla stream near Tonkkian-daing, 
(H toil k-kyun-doing,) this day forms the open country and is dug for making pottery. 
It might here be readily mistaken for the alluvial clay of the valle}7, hut for the occurrence here 
and there strewed over it of small pieces of silieified wood derived from the denuded sands which 
once covered it. I lie thickness of this bed I cannot estimate, hut I should not place it 
under 40 feet; how much more cannot he determined. 

(c)\ Below the hist described clay, a group of beds occurs of rather varied character, 
resembling, to some extent, the beds both above and below it. It contains, though sparingly, 
the same description of fossil wood as the sands at the top of the group, and some of its 
beds present characters very similar to portions of those beds; whilst towards its base, it 
appears to pass insensibly into the lower group characterised by marine fossils. It is, 
however, generally very devoid of organic remains, though, as a convenient lower horizon to 
it, I have taken a sandstone which is generally recognisable where the junction is clear, by 
a few organic remains not very well preserved, among which a coral (Cladocora) is most 
characteristic, which we may regard as the highest member of the lower group. 

A section of these beds is seen in the Kini-choung (Kyeenceclf) above Mogoung, 
which may he taken as illustrating their general character, and some portions so resemble the 
ossiferous sands and gravels of the upper beds that I searched confidently, though in vain, 
among them for like fossils. 

(descending). 
Pebbly sandstone ... ... ... ... seen, about ... 50 0 
Pale silty shale ... ... ... ... ... ... ... 3 g 
Very false-bedded pebbly sandstone ... ... ... jg g 
Harsh sandstone, rather irregular ... ... ... "II 0 1 
Compact yellowish silt witli a central band of kidney-sbaped nodules *1 to 2 feet 

in diameter ... ... ... ... ... ... ... 2 0 
Gravelly sand ... ... g g 
Yellow pebbly sandstone ... ... ... ... '.’I 3 g 
Pebbly conglomerate, loose and gravelly... ... (a few feet). 

74 9 

Tliis section, though not a thick one, will illustrate the general character of the upper 
portion of this division (c). The silty shale much resembles the shale in division b, whilst 
the sands equally recall the uppermost sands, (a.) Close on the horizon of the above section 

* The clay above described and the satidy beds of the same croup, respectively, offer good instances of the 
connection of particular soils with particular kinds of vegetation. So generally does this hold good in Pegu that in 
some instanees it affords a good empirical criterion of the geological formation beuenth. In the area of the fossil- 
wood sands, the most prominent tree .is the ting (DipUrocarpwt and this tree so commonly affects a 
sandy soil that the Burmese rail such soils, whether within the limits of the fossil-wood sand proper or the zone of 
detritai accumulations skirting tin? hills, “ Eugdaing,” or the tract of tile Eng tree, and though, of course, Eng trees 
are found on other descriptions ol' soil, yet. it is on this sandy belt that the Eng flourishes most vigorously from 
probably being there less competed with by other trees, well fitted as it for a sandy soil. The “ Tltiya” fShorca 
obtom, Wall.) the ‘‘Kauyin’' (JJipleroaarpm <ilata, Wall,) and the “ Eugviu" fUopeu mava, Wall,) equally affect the 
sandy “ Eugdaing," though nut in sufficient numbers to characterize the forest. On the other hand, these trees 
abhor the etay described above and are most, miserably dwarfed on it. The Toukkian {Ttr.niimlia- imcrocarpaj, 
though dwarfed, seems to answer best on this clay, hut from some cause or other it, does not, seem favorable to vegetation. 
I think this must he due rather to its hygrometric properties, than to any injurious ingredient in it, and that if 
artificially irrigated, it would give better promise to the cultivator than the densely wooded sands to which it oflers 
so unpleasant a contrast. 

Bamboos are not usually much developed on the Eugdaing, and a striking demarcation is not unfrequently 
seen where the Eugdaing meets the boundary of the older bods on which bamboos flourish with great, luxuriance. 
The Burmese are fully alive to this fact, and if an enquiry is made regarding a village, say, if it stand within the 
Kngdaing, will answer it, negatively, “it is among the bamboos,” an expression quite equivalent in their minds to 
saving it ia ,c.jt on the Eugdaing where bamboos are rare and never are the characteristic vegetation. 
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must probably be placed the ossiferous beds, at the top of the river reach above Talohmhor 
(Keng-yua in map), yellowish sands pebbly at top and passing up into rather soft conglo¬ 
meratic sandstone containing bones, both mammalian and ohelonian, shark’s teeth and 
vertebr®, fossil-wood and rolled fragments of oysters and other shells. 

A small but instructive section is also seen of these beds in the My on k Naweng, a little 
below Tbarn by agon (Tham-bya-ga-gon), where pale silty shales are seen supporting a great 
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartzoso 
conglomerate with clay galls and cavernous hollows incrusted with a layer of the brown 
haunatite, as seen in some sandy beds of the upper division (a). In this conglomerate I .found 
mammalian bones, shark’s teeth, and a small log of fossil-wood about two feet long of very 
similar character, though less completely' mineralized than that found so abundantly in bed a. 

No other fossils were discernible here, nor, as a rule, throughout this division, though towards 
its base, sandstones come in containing marine shells and corals, though neither plentifully 
nor well preserved. These marine beds, however, are naturally more connected witli the 
great group which follows immediately below the present, and which nowhere contains the 
fossil-wood so characteristic of the present group. 

It only' remains to add a few words on the very close restriction to the eastward of 
fossil wood after leaving the area of the fossil-wood group. Nowhere within the area occupied 
by this group is fossil wood, in pieces of the largest dimensions, more liberally distributed 
than along the eastern margin of the deposit along which it is everywhere found abundantly, 
but directly the boundary of the group is passed there is an almost complete absence of 
fossil wood, even in moderate sized pieces. A very close and careful search in some of the 
larger nullas may result in finding a piece here and there for some few miles from the 
houndary, hut that is all, and the question at once presents itself,—has this fossil-wood sand 
extended formerly across the ranges to the eastward and to the Sittang Valley, or was its 
extension in that direction limited by' a boundary somewhat corresponding in its general 
direction with the present boundary of the group ? Without any detailed knowledge of the extent 
of the group on the eastern side of the Pegu rauge, we know the single fact that this 
fossil-wood group occurs in the Sittang Valley, and this and the presumed conformity of it 
with the lower group which constitutes the bulk of the intervening ranges of hills, would 
strongly lead us to regard the group as having once stretched uninterruptedly from the valley 
of the Irawadi across that of the Sittang, or over the entire country bounded to west and 
east, respectively, by the Arakan and Poung Loung chains. That this must have been the 
case with the great hulk of mioeene rocks so largely developed in this part of the Ira wad i Valley 
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause 
before accepting the idea of a continuous extension of the fossil-wood bed over the same 
area as those of the group below it. This argument is the absence which I have alluded to of 
fossil wood for a distance not far short of 50 miles, that is, throughout the entire breadth of 
country occupied by the precipitous hills and tortuous streams of the Pegu range. When we 
reflect on the large size of some of the silicified trunks which may he said to strew the. 
country along the eastern boundary of this group in Eastern Prome, and the abrupt 
cessation of any save the veriest traces thereof, and these hut for a short distance, from the 
boundary, and consider also the imperishable character of much of this fossil wood as 
evinced lyy its abundance in the hard and well worn gravels of the Irawadi Valley, we 
are irresistibly led to question the former extension of this fossil-wood bed across a 
belt of countiy wherein it has left no traces. The evidence is about, as forcible as negative 
evidence can be. Additional weight is also given to it by the fact, that its admission presents 
no difficulties, but quite harmonises with the process which the geological history of 
the district seems to indicate as having occurred. We have only to suppose that the 
deposition of the vast series of mioeene rocks developed in Pegu proceeded uniformly 
(during, possibly, a sy'nehronous elevation, in a gradual manner, of the ocean bed) till 
the entire series, save the topmost members, had been deposited. Lacustrine conditions 
we may now presume to have supervened over portions at- least, of so large an area, and 
the elevation of the Pegu rango of hills commencing about this time would cause the 
first land to appear on a low belt of country occupying in its general arrangement the 
present lino qf the Pegu range. In other words, the deposition of tire uppermost beds 
of the group arid notably' of the fossil-wood sands would lie arrested along a line of country 
not greatly differing from the present boundary of the group. The elevation of the 
Pegu range and its corresponding disturbance of the adjoining strata certainly continued 
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down to a period subsequent to the final deposition of the fossil-wood group, though from 
the mineral character of the upper beds, any movements they have been subjected to are 
with difficulty determined, and these movements may have, to some extent, interfered 
with the effect of a coup d'oeil, but from several points of elevated ground beyond the 
area of the fossil-wood beds, I have been struck by the manner in which those beds 
were spread out; on a lower level, in a fashion strongly suggestive of their accumulation 
under lacustrine conditions along a stretch of elevated country almost coincident with the 
present boundary. This -is notably the case at the extreme north of the district near the 
British boundary above Teybiu and Bilugon, and is also to be remarked elsewhere, though 
the forest is so dense that it is rarely one is able to get a glimpse of any large extent ”of 
country- Had it been otherwise than here supposed, it would be extremely hard to under¬ 
stand how the imperishable testimony of fossil-wood logs and fragments had been so com¬ 
pletely removed from the hilly tract, where as a matter of fact they are wanting. They arc 
certainly the hardest bodies met with, and having hold their own among the quartzoso rocks 
which comprise the bulk of the Irawadi gravels, must, a fortiori, have no less successfully 
withstood the destructive action of denudation amidst the softer miocene beds which 
alone are met with in the Pegu ranges. I need not, however, dilate more on this subject, 
which will he readily enough cleared up when the geology of those regions above the present 
British frontier comes to bo carefully examined into which these fossil woods extend and 
wherein they seem to he more largely developed than within British territory. 

MINERAL PRODUCE OP INDIA. 

Towards the close of the year 1868, I solicited from the Commissioner of Kumaon 
(and some other officers) information as to the quantity and value of the minerals raised and 
brought to market within their jurisdiction. Such local operations, where minerals are 
raised solely for local use, and in reality are never exported, or, only in very small quanti¬ 
ties, even transported from one district to another, taken separately, are of small importance, 
hut when aggregated for the country at large, they represent an amount and value which 
must be very considerable. And those small local mining operations can only become known 
by the assistance of the local officers. To Colonel II. Ramsay, C. B., Commissioner of Kumaon, 
I am indebted for the returns now given for Kumaon and O-urlmal. The information 
has been collected, under his orders, by Mr. Lawdcr, Civil Divisional Engineer, Kumaon. 
Mr. Lawder was for several years one of the office stall' of the Geological Survey, and 
possessed, therefore, a general knowledge of the subject referred to him, aud has evidently 
devoted himself with zeai to the collection and preparation of information. 

I was, I confess, surprised at the quantities stated to he raised and the extent of the mineral 
industry. Viewed merely as a source of employment of labour, these returns show the equiva¬ 
lent of the continuous labour during every day in the year of no less than 154 persons, 
and yet the effect is scarcely felt beyond the narrow limits of the province itself, excepting in so 
far as this local supply obviates the necessity for imports of materials from elsewhere. 

Minebalogicai. Statistics op Kumaon Division, collected under instructions from 
the CojiMissioNEB, Colonel H. Ramsay, C. B., by A. W. Lawbeii, Esq., Civil 
Divisional Engineer. 

My endeavours to collect reliable memoranda of the mineral resources of Kumaon have 
not been so successful in their result as I could have wished. The entire absence of reliable 
native information, and the general unwillingness exhibited by the inhabitants to speak 
at all on the matter, arising from the fear that any knowledge they might communicate 
would perhaps eventually he the cause of increased rental demand or of the appropriation 
by the Government of the land in which the miuerals occurred, have presented many 
difficulties. The information obtained from the Bhoteeas was given with great reluctance. 

Owing also to my having but little surplus time to devote to the full elucidation of the 
subject, the memoranda supplied here are doubtless .somewhat imperfect and incomplete; my 
duties, although carrying me to all parts of the Kumaon district, confine me (with some 
exceptions) more particularly to the roads, and I have probably repeatedly passed by old 
mines, or places rich in minerals, in utter ignorance as to their existence, not to mention 
other places remote from any frequented thoroughfare. 
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In the following notes I am indebted to reports already published for much information. 

The principal economic products in the Kumaon Division are the following: gold ; copper; 
lead ; iron ; arsenic; sulphur; alum ; lignite ; bitumen; limestones ; flags; slates, &c., &e. 

Detail of Localities. 

Kumaon District. 

Copper.—Ores of this metal are found at 11 ai in Gungoli, Sira Barabisi, 
Kharai, Kemokhet (each bank of Luddya river), Geewar, &c., &c. 

Rai.—This mine is the principal one in the Putti. The ore is chiefly pyrites, 
and occurs in a matrix of steatitic and taleose schist. I visited these mines in the 
winter of 1868-69, and found the mines closed up by a landslip, and the entrances full of 
water. The ore is extracted by means of drifts slightly inclining upwards to allow for 
drainage, as appears to be the mode most generally adopted throughout the hills. A 
specimen of ore which I found on the spot seemed rich. I also discovered slight traces of 
copper pyrites in quartzite near Gunai in Athagaon Putti. 

Sira Barabisi.—Sira is noted for its copper mine. Dolomitic and taleose rocks form 
the gangue. The ore is a mixture of copper and iron pyrites. 

Kharai.—Goul is the principal mine. The ore is worked in the same manner as at Rai. 
Steatite and limestone are the neighbouring rocks, the former being the matrix principally. 

Kemokhet.—Copper is found in small quantity on the east bank of the Luddya 
river in Kali Kumaon. I have seen no specimen of the ore. 

Geewar.—There is a small mine of copper in this Putti. 

At Gurung and Chinkakolly there are mines which have been closed for some time; 
also at Beler and Shore. 

Iron.—Iron is found in Dhuniakote, Agar, Geewar, Kutoli, Ramgurh, 
Tulli Rao, Chowgurka, &c., &c. 

Dhuniakote.—There are the remains of some mines or burrows just opposite the 
staging bungalow on the left bank of the Khyrna i-iver. The ore is haematite, occurring in 
irregular masses in quartzite. The rocks in the neighbourhood are more or less impregnated 
with oxide of iron. These mines are now unused. 

There is also a mine south of Semulkhain this Putti, and another in Utehakote, 
both now unworked. 

Agar.—This Putti is very rich in iron ore, almost every village having its mine. 
The ore seems to be a brown haematite. It occurs here generally in beds or clefts, and 
sometimes in irregular masses. The rocks in the vicinity are silicious. Only a few of these 
mines are now worked to any extent. 

Geewar.—Iron occurs in quantity in the neighbourhood of the villages Khetsari, 
Maeleliour, Tilwara, Simulkhet, Gudi, and Burlgaon. I can give no opinion 
as to the kind of ore, having no specimens. 

Kutoli.—At Suyalgurli there is some iron ore which is not at present worked 
to any extent. 

Ramgurh.—There are several mines in this Putti, some largely worked. 

Munglalekk.—This mine in Tulli Rao Putti is highly esteemed for the quality 
of its ore, which is raised in quantity. 

Chaugurka.—The ores of iron are plentiful in this Putti, and are worked in some 
places. 

At Jhirratoli in Darun the ore is magnetic. 

Dechouree and Khurpatal.—There is not, I believe, any ore, being at present 
worked by the Kumaon Ironworks Company. 

Graphite.—This mineral crops out at Kaleemut hill to the north of Almorah in 
the Jagesur range, and on the spur of Baniuee Devee, facing Almorah on the 
Lohughat road. 
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Garland District. 

Gold: Sona River.—This stream rises in the lower ranges of hills, and joins the 
Ramgunga river in Putti Dhuu. Its sands yield gold, and the bed of the Eamgunga 
below the junction is auriferous. The washing is not very profitable, scarcely averaging 
4 annas a day to each workman. 

Taluk a Chandi.—The sands of the Ganges running through Chandi contain gold, 
but the profit arising from the washing is not greater than in the Sona river. 

Copper: Dewalgurh.—The Dhanpur and Dhobri mines yielded largely in 
former times, but of late years operations have not been so vigorously carried on, owing to 
the intricacy of the workings, and the idea prevailing among the miners that very little ore 
remains in the mines. The ores are principally copper pyrites, and grey or vitreous copper 
ore, with the red oxide and green carbonate in smaller quantities. The matrix is calcareous. 
Galena is associated with the copper ore. 

Nagpur.—There are several mines here none of which appear to he at present worked. 

Lead: Dhanpur; Tacheeda.—These mines do not seem to be extensively carried 
on. The ore is galena, and the matrix principally of silex, with varying proportions of 
felspar and calespar. 

There are some lead mines at Ghertee in the snowy range between Milum and 
Niti which have been long since deserted, also at Rail urn, Bainslcum on banks of the 
Goree river, and Baidlec Baghir. 

Ieoh: Tulli Chandpoor.—This ore is probably a ha;matite with a little magnetic 
iron. It has a slight repelling action upon the needle. 

Tulli Kaliphat.—This specimen resembles specular iron ore. 

Mulli Dus soli.—The specimens are highly magnetic and rich in ore. 

Tulla Chandpiir, Rajbringa.—This haematite oro is largely worked. 

Nagpdr.—This ore gives no definite result with the ordinary rough tests. It may 
possibly be a carbonate of iron. 

Lohba.—Here a rich haematite is raised in quantity. 

Mulla Nagpur.—The ore is most probably haematite. 

Painu.—This ore is brittle and hard, and possesses the iron black colour and metallic 
lustre of_magnetic iron, but the specimens of it failed to affect the compass in the manner 
characteristic of that ore. It may possibly on analysis be found to contain manganese, and 
if so, it will be an interesting mineralogical discovery. 

-Lriakote.—It is difficult to say what form of ore this is. Its streak fails to convey a 
definite idea of its composition. It would appear to bo an hydrous form of sesquioxide of iron. 

Pokri.—These mines have been reported on by several officers. 

Sulphur.—This mineral is found both in Ivumaon and Gurhwal. In the former 
district at Moousyaree, in the northern parts of the district, and there are also some 
sulphureous springs, os that at Nynee Tal. In Gurhwal it is found in the range of hills 
to the north ^of the Pindur river within a couple of marches of Nundpriag; also at 
Mnlla Nagpur aud Mulli Dussoli, hut is not now collected to any extent. 

Arsenic.—Yellow arsenic (.Hurital) is found in the northern parts of the district near 
Moonsyarec. Only small quantities are brought down to the Bagesur Fair by the Bhooteas. 

Lignite.—Indications of lignite appear near Raneohagh, close to Huldwam, and 
in the streams of the sub-Himalayas north of Nuj ibabad. They do not give promise of 
any workable fuel, and judging from tbc experience obtained in other parts of the hills, it is 
questionable whether any lignite deposits will ever be discovered of such extent that they 
will repay the cost of opening them up. 

An analysis of a specimen of the R a n i b a gh lignite gave— 

Carbon ... ... 
Volatile matter .... ... ... ... 
Asli ,,, ... ... ... 

GO-0 
3G4 
3-6 
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The percentage of ash 36 contrasts favorably with that of the ordinary Indian 
coal raised in Bengal. The ash is colored by the presence of iron. 

Bitumen or mineral resin (Salajit*) occurs near the summit of many mountains where 
it exudes from crevices in the rocks. 

In the neighbourhood of Kotcgaon, Go wa rseo, south of Paoree, it is seen near 
the top of large cliffs, and is worked by natives by means of a scaffolding suspended from 
the summit. I am unable to state the amount of it extracted. It is generally used as a medi¬ 
cine and exported to the plains. Medicine from Salajit is also prepared in Gungnli 
in Kumaon, but I have been unable to ascertain from whence the mineral is originally 
obtained. 

Limestone.—The Kumaon hills are prolific in limestones, occurring both in immense 
masses, exhibiting various shades of color and structure, and as local Tufa deposits. 

In the newer geological formations of the lower hills it occurs sometimes as a light 
colored rock, and sometimes as the cementing material in conglomerate beds and very frequently 
as Tufa deposited by local springs and streams. The process of deposition is most active 
during the monsoon rains, and in nearly all the springs emanating from limestone rocks, the 
waters are highly charged with calcareous matter. 

These tnfheeous deposits occur less frequently in the higher ranges, hut there the blue 
hard limestones generally containing silex, and other hard varieties, prevail, forming well 
defined beds, and in many instances they are the predominant rocks of some of the larger 
hill runs. Small blocks of very pure black limestones are sometimes to he met with, and 1 
have picked up some small nodules of kunkur iu the L u d dy a river. 

The principal material utilised by the natives of this district is Tufa, it being more 
easily burnt and prepared, and more suitable to the kuteba kilns in ordinary use. Where it 
has in its composition a little iron it seems to yield a strong mortar. 

The localities in which lime is manufactured are very numerous, the most important 
being Naitu Tal and Jcoli for use in the neighbourhood. 

. In the Kharai range, half-way between Bagesur and A 1 m or ah, from which the latter 
station is almost wholly supplied. At Clrit&ili, in the hills north of Dwara Hat; at 
Simulkha, Baital Ghat, and Dokolf, in the Kosi valley, for consumption in the 
works in progress in the now military station at Ranikhct, and on the new cart-road from 
thence to Ramil agar. There is also lime, somewhat silicious, in Agar Putti, in the 
RethaGar range, Athagaon, and in almost all the hills in Gungnli. At Ramcsur 
it skirts the road for miles. 

It also occurs near Khyrna on the Almorah road, at Mulwa Tal, and in Gee war, &c. 

Roofing Slates, &c.—Roofing flags arc very plentiful in the district of Kumaon, and 
are generally micaceous or chloritie. 

AtChit.aili near Dwara Hat there are some beds of imperfectly metamorphosed 
clay slate, (be pianos of cleavage seeming to occur almost in the same linos with the bedding. 
The quarry was formerly used to some purpose, but owing to the neglect of former owners, it 
lias been for years filled up with debris, so that I was unable to observe the beds properly. 

Clay slate occurs also in the neighbourhood of Naint Tal, but the cleavage is im¬ 
perfectly developed. There area couple of quarries on the banks of the Ramgunga in 
Suit Putti. 

Building Stones.—Almost everywhere in the district within easy reach good 
building stone is to be had. At Almorah fine-grained evenly-bedded quartzites and 
mica schist form the hill itself, and supply material not to be excelled for 

* Mr. Lawdor is here in error in railing Salajit bitumen or mineral resin, 11, is an alum or native*sulphate 
of alumina 'which forms on the aluminous shales in the hills. At least such is the Salajit of Nepal, where it is 
well known and from which it is more largely exported than from Kumaon. Wonderful medicinal virtues are 
attributed to it, and in the plains it often sells for its weight in silver (see Notice of a native sulphate of alumina 
from the aluminous rocks of Nepal, by J, Stevenson, Esq.., Snpt., U. 0. Saltpetre Factories; .Journal, Asiatic 
Society, Bengal, Vo 1. II, p. 321. .\lso On the alum ov Salajit,., of Nepal, by A. Campbell, Assistant Sur¬ 
geon, &cM &c., ibid, p. 4S2; also a second note by Mr. Stevenson, p. H05). Whether the mineral referred to 
by Mr. Lawder be really the same as Salajii I cannot assert. T, Oldham. 
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durability and facility of dressing. Mica schist seems to form the principal beds for 
some distance to the east and west of Almorah, reaching to Dwara Hat and Massi 
on the west, Pali, Ranikhet, Siahi, Devi, Dole, and towards Kali kumaon 
to the east, and also in the formation of the Jagesur and Binsar ranges to the north. 

At Naini Tal the stones used are limestone and clay schist. 

At Ranikhet a pale colored gneiss forms both a handsome and a lasting building 

stone. 

Sandstone is abundantly found in the lower hills. 

Gneiss and chlorite schist are used frequently as building stones in the district. 

Imports.—The chief importations are Borax (Tincal),SALT, and Gold from Thibet. 

Borax.—Borax is obtained from the borders of a lake at Chappakanni, a few koss 
from the Kyi ass mountain in Thibet. 

It is collected from June to September and sold at the several fairs—Gan pa, Gup a 
Chin, Sibbillum, Chakra, Taklakhal, Dhabakar, &c. It is purchased here by the 
Bhootea traders and brought down to Bagesur. At these fairs the price of crude borax is 
something under 2 Rupees per maund (about 50 seers), and in the same state it fetches 
from Rs. 8 to 9 per maund at the Bagesur Fair, which is the chief mart of the 
Jowari traders. The borax bought up here is despatched to Ramnagar, where it is refined 
and redisposed of at about Rs. 22 to 24 the maund. 

Traders from the Byanse, Chowdanse, and Darma Passes transact sales of 
borax at Dharchula and Burmdeo, and the Gurhwal Bhooteas from Niti at Ivanaseo 
and Ramnagar, nearly all the borax is disposed of to plains traders— 

Probable amount of borax brought through Milum Pass in 1868-69 ... 17,000 mds. 
Probable amount of borax brought through Darma and Byanse in 1868-69... 15,000 „ 
Probable amount of borax brought through Niti and Mana in 1868-69 ... 15,000 „ 

Total ... 47,000 mds. 

Salt.—Is found at Rliuduk in Thibet, and is sold at the same fairs as borax. It is 
also found at Silungsakka in Thibet— 

Probable amount imported via the Jowar Pass (Milum) in 1868-69 ... 4,000 mds. 
Probable amount imported via Darma and Byanse in 1868-69 ... 3,000 „ 
Probable amount imported vui Niti and Mana in 1868-69 ... ... 2,000 „ 

Total ... 9,000 mds. 

Salt is purchased in Thibet at the rate of 1 Rupee 12 annas per maund (roughly 
measured) and sold at Bagesur or Almorah at from 5 to 6 Rupees per maund. Almost all 
the salt imported from Thibet is consumed in the bills. 

Gold.—Is found in many of the rivers in Thibet; at Silungsakka, &c.; it is sold at the 
same fairs as the salt and borax either in nuggets or in grains. About 10 to 12,000 
Rupees’ worth is brought down annually, some of which is disposed of in the hill 
districts (Kumaon and Gurhwal), probably about one-third, and the remainder most 
likely finds its way to Delhi, Agra, &c., &e. It is sometimes found to contain copper. 
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Captain Garstin, in submitting the numerical return from Gurhwal, says— 

“ The return has been prepared from statements sent in by Putwarees, and I do not think 
any great reliance can be placed on their correctness, as it must have been most difficult for 
them to find out the _ information required; the people working the mines themselves not 
having the slightest idea of the amount of ore they cither collect or sell. 

“ The copper mines in Dhanpur used formerly to bring in a much larger revenue than 
they now do; the fact being that the shafts have been sunk so deep into the hill, and the 
passages are so intricate, that very few people will venture into them. The miners also say, 
that the mines are nearly worked out. 

“ There is, one may say, no export of ores from this district, the mines worked only 
being sufficient to supply the wants of the people. 

“ I regret that I cannot give further information, hut the agency at my disposal is 
too limited to enable me to collate any that I would deem trustworthy.” 

lsi July 1869. A. W. Lawder. 

The mines noticed in the above return have been known for many years. Some of 
them were noticed by the earliest European visitors to these bills. And when there was no 
communication with other countries and no supply of imported metal, they were naturally of 
higher importance and of greater value than in later years, when their rudely extracted 
products have had to contend with European manufactures. The earliest description, in any 
detail, of these sources of mineral wealth was given by Captain J. I). Herbert in 1829 
in his report on the mineral productions of that part of the Himalaya mountains between 
the Sutlej and Kali (Gfigva) rivers, &c. (Asiatic Researches, xviii, Pt. 1,227). In this almost 
every locality noted above is mentioned. Dluinpur and Dhohri at that time paid a revenue 
or royalty for the right of working of Rs. l,200per annum ; Ganguli and Sira of Rs. 1,000; 
Pokn Rs. 600. The localities, modes of working, and rocks are described, and the means 
of improvement noted. The iron and lead mines ar-o also noticed, as well as the non- 
metallie products of the hills—sulphur, alum, bitumen, graphite, borax, limestone, &c., &c. 
The inaccessibility of the various places is also noticed. 

In 1838 a report on the copper mines of Kumaon by Captain H. Drummond appeared 
in the Journal of the Asiatic Society of Bengal (vol. vii,' p. 934). In this he gives the results 
of an examination of many of the mines by a practical Cornish miner, Mr. Wilkin, whom he 
had brought out from England. The Rye (Rad) and the Sheera (Sira) mines, both noticed 
above, are specially relerred to. Mr. Wilkin recommended certain trials and improvements 
in the mode of working, taking a favorable view of the prospects. An experimental trial 
was then made with the view of opening a regular mine at Pokri, in Gurhwal. Extensive 
workings liad here been carried on from very early times, and one mine, called the Rajah 
Khan or Rajah’s mine, had, it is said, yielded in one year more than 11s. 50,000. At the 
time alluded to (1838-39) the right of mining was leased for Rs. 100 per annum. Two 
galleries or adits were commenced, one in each of the two ravines in which the copper was 
known to occur, the Rajah Khan and the Chumitti ravines, about 500 yards apart. Up 
to May 1839, 149.) feet had been opened in the Rajah Khan drift, and 111 feet in the other. 
(Lieutenant Glasfurd, On the experimental copper mine in Kumaon, Jour. Asiat. Soe., Beng., 
viii., 471). 

The work was continued until June 1841, when the estimated cost had been largely- 
exceeded, amt as no sufficient retttms were obtained, the trial was finally stopped. At that 
time 257| fathoms of ground had been driven through. In addition to the two old mines 
noticed above, the Rajah s and Chumitti (or Chaomuttee), a new opening was made, when good 
specimens of ore were found near the surface, but at a depth of 15 fathoms they ceased, and 
at 23) fathoms it was abandoned. Details are given by Mr. Wilkin as to other mines in 
the neighbourhood of Pokri also. 

The total sum expended in this experimental trial was Rs. 7,384 and there was realized by 
sale of copper during the time Rs. 779). Mr. Lushington, who gives these details, mentions 
the real obstacles to success which have to be contended with. The distance of the mines 
from the plains, the slowness and expense of carriage, the cheapness and abundance of 
English copper, the superficiality of the mines yet known, and the want of coal are all 
serious drawbacks. 
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At the time Mr. Lushington wrote (1843) the mines of Dhanpur were rented for Rs. 1,700 
per annum in 1812. Under the Ghoorka Government, the rent fixed for mines for the whole 
province was only Rs. 3,500 (Company’s Rupees). Since 1815, when Kumaon was conquered 
by the British, up to 1846, the average revenue derived hy the British Government was for 
copper in Kumaon Rs. 800 to 1,200, in Gurhwal Rs. 2,086, the highest revenue for any year, 
for all mines being Rs. 5,417. Iron yielded an average of Rs. 1,900 in Kumaon, and Rs. 226 
in Gurhwal. (Account of experiment at Khotree copper mine, with notices of other copper 
mines, hy G. S. Lushington, Esq., Commissioner, (Jour. Asiat. Soc., Beng., xii., 453). 

Again, in September 1845, Mr. Sigismund Reckendorf, Mining Engineer, reported on 
the same mines, (Jour. Asiat. Soc., Beng., xiv, 471). Dhanpur and Pokri are on opposite 
sides of the Douliganga, each about six miles from the river, or 12 miles apart. Dhanpur 
is 1,000 to 1,500 l'eet higher than Pokri. Both are said to be on the same layer of talcoso 
slate, which is stated to head north-15°-west. Mr. Reckendorf thinks, indeed, that the whole 
of the known copper mines from the Nepal terai on the east to beyond the Pokri mine on 
the west are only parts of one layer of no great thickness, sub-divided occasionally into 
two or three! He considers the ore not to occur in a regular lode or vein, but in a bed. 
He thought all previous trials had been misdirected, as they had been carried out in the 
old workings, and that new ground altogether ought to be opened up. He formed a much 
poorer idea of the chances of success at Dhobri, but considered that everything tended to 
show that at Pokri copper could be obtaiued in large quantity. He urgently deprecates, 
however, Government attempting anything itself. 

In 1854 the Hon’ble Court of Directors sent out Mr. W. Jory Hemvood, with two 
mining assistants and an iron smelter, to examine and report on the metalliferous deposits 
of Kumaon and Gurhwal. After going over all the districts, Mr. Henwood reported in 
May, 1855. This report gives much useful information, but, so far as regards the copper 
mines, the opinion formed was most unfavorable, and indeed condemnatory. Speaking of 
Pokri he says: “We have never before seen a spot so scantily sprinkled’with ore, and 
offering, in our judgment, so small a prospect of improvement so extensively and perseveringly 
worked.” (Selections from Records of Government of India, Home Department, viii, p. 5). 
The greater part of the report is devoted to the rich iron deposits of these hills, regarding 
which we cannot at present speak. 

Subsequently to this (1855) I know of no systematic attempt to work the copper mines 
of Kumaon or Gurhwal. The native miners have, however, continued to delve out annually 
in a wretchedly insecure way a few hundred maunds of ores, an amount which, from 
Mr. Lawder’s returns given above, appears to be more considerable than I should have expected. 

The Geological Survey has not yet had an opportunity of visiting these hills. 

October, 1869. T. Oldham. 

COAL-FIELD NEAR CHANDA, CENTRAL PROVINCES. 

Since the first notice of this field was published in the Records of the Geological Survey 
(August 1868, p. 23), a systematic examination of the field has been commenced. It was 
fully pointed out by Mr. W. Blanford, in the paper referred to, that the country was in parts 
so covered that it would be impossible to obtain any satisfactory knowledge of its structure 
without boring or sinking. Since then two skilled borers and boring tools have been 
obtained from England, and further sets of tools arc on their way. The season had already 
far advanced before these were available, and as the rains were then near at hand, it was 
considered desirable that these men who had just arrived, and who were therefore quite 
unacquainted with the peculiarities of life in this country and of the climate in which they 
were to work, should, for a time at least, be kept where good house shelter could bo obtained. 
The work was placed under the immediate charge of Mr. M. Fryar, M. E., Mining Assistant 
on the Geological Survey. And he was requested to select spots for boring within reach of 
Chanda or Ballarpur during the rainy season and to keep the men at first together, so 
that they could aid one another in any difficulty which might occur at first starting. 

Under Mr. Fryar’s instructions the first bore-hole was commenced in the beginning 
of June. This bore-hole (No. 1) was very near the south-east corner of the boundary of 
the Nuggeeua Bagh, north of the native town of Chanda. This bore was put down 80 feet 
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and was then stopped, “as the material bored through continued to be simply still' sand." 
A second bore was then commenced about 230 feet from the first, in the direction of the dip 
of the rocks,—about east-15°-north. This passed through the following section :— 

Feet. Inches. 
12 0 Of oehrcy arenaceous shale. 

8 0 Soft shale of deep red and purple colour. 
20 0 Of the same material as found in No. 1 bore-hole. 

Total ... 40 0 

At this depth, 40 feet, this bore-hole was also stopped. 

No. 3 was then commenced at about 450 yards still further in the direction of the dip, 
or into the field, or about 527 yards from No. 1. This bore-hole was near the junction of 
the Ghimoor road and the Nagpur road, its bearing from No. 1 (magnetic) being about 
north-38°-east. 

This third boring gave the following section :■ 
Feet. Inches. 

5 0 

11 0 
3 0 
1 0 

17 0 
2 0 

12 0 
3 0 

10 0 
7 0 
2 0 
4 0 

25 0 
10 0 
11 0 

9 0 

1 0 

25 0 
2 0 

2 0 
12 0 
7 0 

24 0 
1 6 

16 0 

1 0 

0 6 

18 0 

Brown soil. 
Red brongel. 
Brown sand. 
Hurd red ironstone. 
Light pipe clay. 
Dark brown clay. 
Soft light sandstone. 
Light brown sandstone. 
Light colored sandstone. 
Very light colored sandstone, very coarse. 
Yellow sandstone. 
Very dark sandy shale. 
Variegated sandstone. 
Yellow sandstone. 
Brown sandstone. 
Variegated sandstone. 
Coarse brown sand. 
Variegated sandstone. 
Light blue sandy shale. 
Good Ooal (a). 
Verv dark blue shale, a little sandy. 
Light blue sandstone, a little shaly. 
Light colored sandstone. 
Black shale mixed with coal (bj. 
Light blue sandstone. 
Dark sandy shale. 
Iron pyrites. 
Light blue sandstone and brown sand mixed. 

Total ... 242 0 

“And as in this depth we have entered something of a Talchir appearance, I have 
stopped this hole and commenced one at Ballarpur.” (Mr. Fryar’s report, 24th July). 

Specimens of the coals passed through in this pit, as brought up by the pump, were 
assayed, and yielded— 

Carbon. Volatile. Ash. 
(a) two feet bed ... ... 47*8 '11*0 11'2 

(bj eighteen inch bed... ... ... 427 41'2 lti'l 

both poor coals, neither containing 50 pier cent, of carbon. The beds are also from their small 
thickness unworkable with profit at that depth. 

A fourth boring was made near the dak bungalow to tile west by south, and between 
the bungalow and the Jhurput nala. This (No. 4) was put down with small rods, “and 
ought to have entered coal a few feet lrom the surface, if the apparent dip ot rocks at tho 
surface had been a guide approximately to the dip of the coal beds below. ’ (Mr. t'ryar, 28th 
July). This boring was abdut 500 feet to the west of one put down by Mr. Binnie, C. It., 
in which coal was said to have been cut. No. 4 did not reach coal, and was abandoned. 

Preparations were made for a fifth boring (No. 5) about six chains from the Jhurput 
nala on the left bank, due south of the town of Chanda, but no boring was carried out here. 

At Ballarpur, the first boring alluded to above was put down on the left bank oi the 
river, nearly opposite the point where coal is seen on the right or Hyderabad side ol the river, 
and about 300 feet from the river bank. This position was injudiciously selected, us 
proved to be the ease. It was in fact within the limits of the old bed of tin river., and was 
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abandoned, as there was not tubing “enough to carry the hole through the running sand 
and gravel met with. This difficulty might certainly have been avoided, but unfortunately it 
was not. ^ The probability was in fact pointed out in April 1867 (see p. 25, Records, Geological 
Survey of India, 1868), where it is said, “ in sinking upon the Chanda side, it is far from 
improbable that only alluvial clay may be met to the depth mentioned.” The boring tools 
were then shifted to a second position where rocks were visible close by. This second hole was 
put down about a mile to the north-east near the town of Ballarpur (less than half a mile). 
This boring was carried down to a total depth of 236 feet. 

The following is the section passed through :— 

Feet. Inches. 
3 0 Red iron brongel (moorum). 
6 0 Soft brown sandstone. 
9 0 Strong blue day. 
2 0 Very dark-red sandstone mixed with iron. 

10 0 Brown sandstone. 
30 0 Soft light colored sandstone. 
12 0 Variegated sandstone. 

1 0 Red sandy clay. 
G 0 Dark colored sandstone. 
3 0 Brown sandstone. 
1 0 Hard red sandstone mixed with iron. 

10 0 Brown sandstone, with mica. 
16 0 Yellow sandstone. 
0 9 Good coal. 
0 9 Black shale. 
1 6 Good coal. 
2 0 Very dark shale. 
3 0 Green looking sandstone (blueisli). 

10 0 Dark-blue sandstone mixed with shale. 
26 0 Light colored sandstone* 
0 9 Iron pyrites. 

26 0 Light colored sandstone. 
2 10 Black shale, a little coaly. 

10 0 Dark blue sandstone mixed with shale. 
26 0 Light colored sandstone. 

0 9 Iron pyrites. 
0 9 Light colored sandstone. 
3 O Black shale, a little coaly. 

11 6 Dark colored sandstone, a little shaly. 
1 6 Iron pyrites. 
1 6 Light colored sandstone. 

Total ... 236 7 

Mr. I'ryav reported on the 16th September that he had ordered this hole to be stopped, 
“ as we are evidently in the Talchir sandstones.” He adds, ‘ you will observe a similarity of 
section by comparing the second hole at Ballarpur with the No. 3 one at Chanda’ (given 
above). There is doubtless some little similarity, but I am unable to see the proof that the 
bore was evidently in the Talchir beds. 

The boring rods were then moved from Ballarpur to a point on the road to Moolk from 
Chanda, between two and three miles from Chanda town, near the place where the road crosses 
the Jhurput nala, in the corner between the stream and the road to the south of the road. 
This boring was in progress up to date of last report, and on the 12th instant had reached a 
total depth of 124 feet 6 inches. The following is the section 

Feet. Iuclies. 
5 0 Loose aaud and loamy soil. 
6 3 Yellow sandstone and bunds of ironstone. 
1 3 Hard red ironstone. 
7 0 Variegated sandstone, with little clay. 

11 0 Soft red ironstone. 
0 6 Ironstone baud. 
8 0 lied sandstone mixed with iron. 
4 0 Yellow sandstone. 

11 0 Variegated sandstone. 
1 10 Yellow sandstone. 
0 8 Very hard red rook. 
7 6 Brown sandstone. 

28 0 Light brown sandstone. 
9 0 Light red sandstone. 
1 0 Coarse light brown sandstone. 
2 (5 Hard red rocks. 

20 0 Variegated sandstone. 

Total ... 121 6 
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It is evident that the rods have not yet touched a bed of the coal-bearing rocks in this 
section, all the beds passed through belonging to the Upper or Panchet series. 

Reviewing the results thus obtained, we find that borings at Chanda, which are repre¬ 
sented as having passed through the entire thickness of the coal-bearing rocks there, and 
to have pierced the Talchir beds below, (in which no coal is known), exposed only two thin 
beds of poor coal, so thin as to be unworkable. While at Ballarpur also, a boring of about 
the same depth (about 240 feet), said in like manner to have gone through the entire thick¬ 
ness of the coal-bearing rocks and to have pierced the Talehirs, showed also two beds of 
coal, one of 18 inches, one of 9 inches in thickness. 

It need scarcely be said that none of these are workable at the depth at which thev 
occur. 

Before those explorations had commenced, Major Lucie Smith, Deputy Commis¬ 
sioner of Chanda, who deserves the highest credit for the sustained zeal and intelligent 
earnestness with which he has prosecuted these enquiries, had a pit opened on the bed of coal 
visible in the Wurda channel, near Googoos, or'Chcndoor. And from the coal there met with, 
at a depth of 30 feet below the surface, a considerable quantity was raised for experimental 
trials to which I will presently refer. As, however, this pit was within the limits of the 
ordinary flood level of the Wurda, a bore-hole was put down about 330 yards from the bank 
of the river and nearly in the line of strike of the beds. This bore-hole was carried out 
by Corporal Carson, of the Public Works Department, under the orders of Major Lucie 
Smith, Mr. Fryar also assisting. As was tolerably certain at such a distance the coal was 
found to continue. This bore-hole was sunk altogether to 121 feet 6 inches, and gave the 
following section 

Total 

Feet. Inches. 
3 0 Surface clay. 
5 0 Kcd mooruiu. 

40 0 Variegated sandstone. 
8 0 White sandstone, 
o 0 Yellow clay. 

10 0 Dark-brown clay. 
2 0 Black shale. 
3 0 Coal, 
3 0 Dark sandy shale. 
3 0 Coal. 
5 6 Blue shale. 

12 0 Coal. 
4 0 „ mixed with iron pyrites. 
5 0 Coal. 
o 6 Shale. 

11 6 Coal. 

121 6 

Below this is white sandstone streaked with black shale. It is much to be regretted 
that the boring was not continued, so as to ascertain the thickness of the formation here 
and the position of this thick deposit of coal in it. 

The coal having thus been proved here, a pit was commenced and is now in progress. 

A second bore-hole was then commenced about a mile to the south, and to the west a 
little south of the village of Googoos. This is as nearly as can bo the locality recommended 
by the Geological Survey in 1867, “about 300 yards west of the village of Googoos.” 
This bore-hole was carried down in all about 112 feet, giving the following section :— 

Total 

Feet. Inches. 
6 0 

22 0 
0 3 

21 6 
2 6 
4 0 
6 0 
3 6 
2 0 

17 0 
. 20 0 

7 0 

111 9 

Surface clay. 
Variegated sandstone. 
Ironstone. 
Variegated sandstone, 
lied rock. 
Yellow clay. 
Dark shaly clay. 
Shale. 
Crimson colored sandstone, 
Clay and sand. 
Light colored sandstone. 
Variegated sandstone. 
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At this depth the mineral lifter jammed, and after several days' unavailing efforts to 
lift it, it became evident that it would be necessary to sink to it, in order to relieve the tools. 
After some delay this sinking is now in progress and had reached 27 feet on the 12th instant. 

Such is the progress made in the exploration of the field. 

As regards the important question of the quality of the coal, several trials have been 
made. The coal raised from the pit near Googoos was first sent to the Great Indian Penin¬ 
sular Railway for trial in their locomotives. The Locomotive Superintendent reported on the 
16th April “that the coal was not suitable for locomotive purposes, being very dirty. Out of 
1 ton 4 cwt. used, there were 6 ewt. of clinker, but very little in the smoke-box, with a load 
of 4 cotton wagons and one brake. Great quantities of sparks came out from the chimney, 
and remained on fire for some time. From Boorhanpore to Khnndwa, the brake-van alone 
was attached to the engine, and although the fire had been cleaned at Chandnee station, it 
had to be cleaned again before getting to Dongergaon (17 miles). We could not get a welding 
heat with the coal, although it contains great quantities of gas.” 

The fire-boxes on the Great Indian Peninsular Railway- are constructed to suit English 
coal, and the engineers are accustomed to its use. There appeared, therefore, sound reason for 
not admitting this to be a conclusive trial. More coal was raised, and better coal selected, 
and this was sent to the East Indian Railway at. Jubbulpore, some to the works in progress 
under the Public Works Department at the Kanhan bridge, and also a second supply to the 
Great Indian Peninsular Railway. The results of these trials arc decidedly encouraging. It 
is said that the coal took the train on the Great Indian Peninsular Railway down as tar as 
Budnaira (100 miles) without difficulty; the engineers were agreeably surprised with its 
capabilities, but did not “ think it quite up to the mark.” At the Kanhan bridge works, it 
was tested in a small portable engine. “ With Chanda coal steam was got up in 1 hour and 25 
minutes with a consumption of 36fts., the coal being wet, a strong breeze blowing and rain 
falling at the time. The coal burnt clear, and freely and very clean, leaving a small residue of 
grayr ash without clinkers, and evaporated on the average 4Ibs. of water per 1ft. of coal consumed. 
With English coal steam was raised in 1 hour 35 minutes, with a consumption of 28fts„ the 
coal being drier, but small and deteriorated from exposure, but the weather was fine at this 
part, of the day and very little wind. The evaporation was at the rate of 6'5fts. of water 
per 1ft. of coal.” The Chanda coal is specially- noted as “ burning clean.” 

The trial on the East Indian Railway was the only one in which the Chanda coal was 
compared with other Indian coal. “ The Locomotive Superintendent reports that the con¬ 
sumption of Chanda coal on two trials was 88f cwts. and 85 cwts. per 100 miles, against 
67 cwts. of Ranigunj coal for the same distance. The coal did not work well at first, partly, it 
appears, owing to the construction of the fire-boxes, and partly, perhaps, to the stormy weather 
in which one of the trials was made, but it did better afterwards.” 

These trials show the ‘ dirty’ of the coal to be as compared with English coal (‘small 
and deteriorated by exposure’) as 4: 6‘5, or 61 per cent., or, in other words, it is fths worse 
than this English coal. 

As compared with Ranigunj coal, its duty was as 67 to 87 (mean of 88’75 and 85’), 
or 77 per cent., or nearly yth worse. It is not stated what “ Ranigunj” coal was in use. 

The coal, however, did the work required of it, and in a satisfactory manner. 

These coals were, as mentioned, from the pit sunk at the Wurdah. To test the coal 
met in the boring near that river, as given above, Mr. Fryar was requested to forward 
specimens. Of these ho sent 33, one from each of the three-feet seams above the thick coal 
and 31 from it, these being taken from the material brought up by the pump at intervals of 
about a foot of sinking. These were all assayed carefully by Mr. Tween, and the results are 
given below. 

There can be no doubt that assays of this kind, and more especially when made on the 
stuff broken down by a boring-chisel, are only approximate indices to the value of the coals 
tested. But in the absence of better means, they do afford fairly comparable results, and 
do unquestionably give a fair indication of the economical value of the coals. Indeed, the 
very- results given above are singularly confirmatory- of this. The assays were completed for 
several weeks before the above results of actual trials were received. , 
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The 33 specimens tested gave the following results:— 

Depths, &c. Carbon. Volatile. Ash. Depths, &c. Carbon. Volatile. Ash. 

A (1st three-feet seam) 46*9 44*0 9'1 1G . 38‘5 367 24*8 

B (2nd three-feet scam) 37*4 28-0 34'6 17 . 44*2 31*4 24*4 

1 (from thick coal) ... 4-S'O 366 15*4 IS . 29'3 23*5 47'2 

2 45*5 36*4 18*1 19 . 36'8 3.3'0 30*3 

3 . 44'0 39*4 16'6 20 43'0 39'6 17'4 

4 ... . 43’5 40-0 16*5 21 46'3 41*1 12'6 

5 44-4 39*8 15'S 21* *. 44*9 42*5 12*6 

6 41-7 39‘5 15*8 22 . 42*7 30*6 26'7 

7 47*4 36'8 15*8 23 . 45*3 33'0 217 

8 ... 477 36'8 15'5 24 . 52'4 32'0 15'6 

9 47* G 40’0 12*4 25 . 40'3 24*5 35'2 

10 ... . 482 39*8 12*0 26 . 45-6 32*8 21*6 

11 . 46’6 44'6 8'8 27 . 44'2 29'0 2G-8 

12 407 44’5 14'8 28 55'1 32'0 12'9 

13 . . GO *4 <#•* O'6 29 . 35*6 32*8 31'6 

14 ... ... . 38*3 28*1 33'G 30 56'2 31'G 12'2 

15 . 37*8 28'8 33'4 

It is obvious from these results that while this thick deposit contains some layers 
which are really good coal, there is also a large amount which is scarcely deserving of the 
name of coal at all. Stuff with 30 and 40 and even up to 47 per cent, of ash—useless 
matter—would he of no avail excepting for purely local demand in such work as lime-burning. 
&c„ while coal such as is represented by No. 13 or No. 30, or the bed A, would hold just com¬ 
parison with some of the best coals in India. Probably the fairest way. seeing that although 
the specimens are taken from about every foot, the actual matter assayed may really represent 
only an inch or two in thickness, is to take the whole as one, and take as the mean composi¬ 
tion the average of all the results (neglecting for the present the two separate 3 feet 
seams). Ami for comparison, to take 30 specimens of Ranigunj coals from different worked 
beds, and take the average composition of these. 

Taking the 31 specimens of the Googoos coal, the average result of all is— 
Carbon ... ... ... ... 44'51 
Volatile ... ... ... ... 35'34 
Ash ... ... ... ... 20-15 

And the average result of 30 Ranigunj coals is— 
Carbon ... ... ... ... 50'9 
Volatile ... ... ... ... 34'6 
Ash ... ... ... ... 14'5 

that is, the Googoos (average) coal is G'39 per cent, inferior to the average of Ranigunj 
coals as to the main heating power, and it is also 6 per cent, worse than the same as to 
amount of useless matter. Or, viewing it in another way, it may he said that ont of the 
31 odd feet of ‘ coal ’ there are 28, which contain less carbon than the average of 30 
Ranigunj coals, good and bad, and only 3 which contain more ; while there are 23 which con¬ 
tain more ash than the same average, and only 8 which contain less. 

These results appear unquestionable, so far as the coal yet obtained is concerned. That 
this coal will at the same time prove highly useful cannot for a moment be questioned; and 
we must only continue to seek for better. 

The results of these trials showed the duty of Chanda coal roughly, as compared with 
Ranigunj coal, to he as 67 to 87. The comparison by assay gives 45 : 51, or the trial by rail 
gives the work in the ratio of TOO : 1'29, that by assay as TOO : 1'14. As compared with 
English coal the duty was by actual trial as 4'0 to 6'5, by assay as 44'5 : 08, or, in the first 
case, as 1: 1'63, in the latter as 1: l-53. 
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Those are very close approximations and fully boar out the value of such assays. In all 
cases, it is worth notice also, the result as per assay is more favorable than that by actual 
trial. Both methods of testing the value prove that good useful fuel exists near Googoos 
in considerable quantity'. 

The explorations are being carried on with vigour, and the results will he given from 
time to time. 

In connection with this enquiry, it is necessary to give publicity here to some important 
frets regarding which considerable misapprehension has evidently' existed. In the last 
general report on the Central Provinces, the Chief Commissioner has (p. 76) said : ‘ so far coal 
has only been discovered in that known as the Damuda scries, and it remains to be proved 
whether the Kamptee group is carboniferous.’ This name 1 Ivamptee group ’ has never been 
published before or defined, and without such definition it is meaningless. It was a term 
used by Mr. W. Blanford on a preliminary sketch map of the district, copy of which was given 
to the officer of the Geological Survey working at Chanda for his information. But the term 
was simply one of convenience, and for temporary' local use as applied to a scries of bods in 
the vicinity, and signifying nothing more than those local beds ; simply' a name used instead 
of a long phrase to convey certain peculiarities in texture, &c. It is one of many such short 
names which, used for a time merely locally, give place to others when relations and connec¬ 
tions have been traced out. It has therefore never been published or used in any other way 
than as a term of convenience among the officers of the Geological Department. It is in fact 
meaningless without definition. 

But having thus been used, I may state that the local beds so called “ Kamptee” are nothing 
more nor less "than the Central Indian representatives of the great Panchet series of rocks, 
so well seen in the Eanigunj coal-field, still better developed in the Jherria, the Bokaro, the 
Karunpura, and other detached coal-fields towards the west, and which series of rocks can 
bo (and have boon) traced across all the intervening country up to Nagpur and Chanda. 
And as in the Ranigunj field, so in every other section oxposed throughout the hundreds of 
miles of country' (thousands of square miles) not a trace of coal is known to occur in them. 
This induction is far wider and far more satisfactory than any examination of the Central 
Provinces alone could afford. 

But, in addition to this, accompanying this extension and development of the Panchct 
series, there is, from east to west, a steady and continuous but rather rapid diminution of the 
true coal-bearing rocks (the Damuda series), so that the formation which in the east is of 
several thousand feet in thickness, with more than one hundred beds of coal of varying 
thickness, and which is there easily divisible into three groups, on passing to the west so 
dwindles down, that, in the Nerbudda valley and in the Chanda field, the total thickness of 
the formation docs not exceed as many hundred feet as it was thousands in the east, and that 
all the coal is confined to a few beds of great irregularity near the base of the series. Those 
facts also have been established not by any local investigation, but by a long continued and 
systematically carried out series of examinations and measurements spread over hundreds of 
miles of the country. 

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks. 
There is equally no doubt that coal is not in the Talchir rooks below, and the simple point 
that remains to be proved in the Chanda field is the extent, thickness, and value of the coal 
which does accompany the Damuda rocks. If the country were not so much covered the 
limits of these rocks could readily be traced; there is no difficulty in distinguishing, them. 
But unfortunately there is a large part so concealed by superficial deposits that the existence 
of these coal-bearing rocks must be probed out by boring. And this is what is now being 
done by the Geological Survey for the Government of India. 

The borings at Chanda and at Ballarpur given above arc additional proofs of the very 
limited thickness of those rocks. The entire thickness of the Damuda series, as it there 
exists, together with all the overlying beds, is said to have been passed through within about 
235 feet. Of this more than one-third belongs to the upper series, leaving the thickness of 
the entire Damuda or coal-bearing formation here not more than about 150 feet! 

The \Sth October 1869. T Oldham. 
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Lead in the Raipue District: Centeal Peovinces.—To the information already given 
regarding this lode of lead-ore but little has been added since then (see Records, Geological 
Survey of India, 1862, Pt. 2, p. 37). At the close of the season, Mr. Smart, the Revenue 
Surveyor engaged in that district, completed a small plan of the locality and immediate vicinity 
on a scale of four inches to the mile. He found fragments of the metallic vein scattered 
upon the top of the hill, on which it was seen for a distance of half a mile from the spot 
where it was discovered last year-. ‘ The direction of dip of the vein could not be ascertained 
owing to the confused and fractured arrangement of the surface rocks.’ Mr. Smart had no 
means of proving the vein. 

I hope to be able to have the locality examined this season.—T. 0. 

Meteoeites.—To the kindness of Dr. Waldie we are indebted for the remaining 
portion of the specimen of the Khetree stone, (fell February 1867), which he analysed 
with care, and of which he gave an excellent description at the meeting of the Asiatic Society in 
June 1869. Dr. Waldie states how it is frequently so difficult to procure specimens of these 
highly interesting bodies which fall from the heavens, as the people, in their ignorance 
looking upon such visitors as evidence of the wrath of their deities, carefully reduce to 
powder and dissipate all the pieces which they can procure. Only two pieces are known to 
exist, both small; one is in the collection of the Asiatic Society, and this one in the collection 
of the Geological Survey. 

From Dr. Tschermak, the successor of the much regretted Dr. Moritz Hornes, in charge 
of the Imperial Mineral Cabinet at Vienna, we have also received a very good specimen of 
the fall which occurred at Slav e tic, in Croatia, on the 22nd May, 1868, and described by the 
indefatigable Haidinger, on the 3rd December, 1868, to the Academy of Sciences, Vienna. 

Also, a specimen of the Ornans (Doub) fall, of which we were already in possession of 
a fine piece through the good offices of M. Marcou, (see Records, Geological Survey of India, 
February, 1869). This fall took place on 11th July, 1868. 

Also, a specimen of the very interesting stone which fell at Kraheuberg near Zwci- 
briieken (Pfalz) on the 5th May, 1869. 

These valuable additions to our numerous collection are further proofs of the friendly 
aid and co-operation we have invariably experienced from the Geologists of Austria. 

October, 1869. X. Oldham. 
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Ball, John.—A Guide to the Eastern Alps, 12mo., London, 1868. 

Baukande, J.—I. Reapparition du genre Arethusina, Barr. 

II. Faune Silurienne des environs de Hof en Baviere, 8vo., Leipzig and 
Paris, 1868. The Authoe. 

Beaumont, Elie de.—Rapport sur les progres de la stratigraphic. Itecueil de Rapports sur 
l’etat des lettres et les progres des sciences en France, Roy. Svo., 
Paris, 1869. 

Benecke, De. E. W.—Geognostisch-Palajontologische Beitrage, Vol. II, Part 2, Roy. 8vo., 
Munich, 1869. 

Beneden, Van, and Geevais, Paul.—Osteographie des Cetaces vivants et Fossiles, Parts 2, 

3, 4 (with Plates), 4to., Paris. 

Beenaedi, Le Chevaliee, A. C.—Monographic des genres Galatea et Fischeria, 4to., 
Paris, 1860. 

Beauns, De. D.—-Der mittlere Jura im uordwestlichen Deutschland, 8vo., Cassel, 1869. 
Eeemnee, D.—The Industries of Scotland, their Rise, Progress, and Present Condition, 8vo., 

Edinburgh, 1869. 
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Dollfuss — Ausset.—Materiaux pour l’ctude dos glaciers, Vol. VIII, Part 2, 8vo., Paris 
1869. 

Edwaeds, Milne.—Eeeherchcs Anatomiques et Paleontologiques pour servir a 1’kistoire des 
oiseaux iossilcs de la, Prance, Pails 26 to 30, 4to, Paris, 1867. 

Eichwald, E.—Letlraca Eossica, ou Palcontologio de la Kussic, Part 12, with Atlas, 8vo., 
Stuttgart, 1869. 

Gervais, Paul.—Zoologie et Paleontologio generates, Parts 10 and 11, 4to., Paris, 1869. 

Hackett, T. E.—Geological and Mining Eeport of the Gympie Gold Field, Pep., Gympie, 
1869. The Author. 

Haughton, Eev. S.—The Three Kingdoms of Nature briefly described, 8vo., London, 1866. 

Haughton, Eev. S.—On some elementary principles in Animal Mechanics (From the Pro¬ 
ceedings of the Eoyal Society, No. 94), 8vo., London, 1869 (Pamphlet). 

The Author. 

Kaiisten, De. Gustav.—Beitrage zur Laudeskunde der Herzogthiimer, Schleswig und 
Holstein, II, Eeihe, Heft 1, 4to., Keil., 1869. 

Laetet, E., and Christy, H.— Reliquiae Aquitanieae, Parts 8, 9, 4to., London, 1869. 

Lindeman, Moritz.—Die arlctische P'ischerie der Deutsehen Seestiidte, 1620—1868. Peter- 
mann’s Goographische Mittheilungeu, Supplement, No. 26, 4to., 
Gotha, 1869. 

Lottnee, Beegeath Heine.—Leitfaden zur Bergbaukunde, Band II, Part 2, 8vo., Berlin, 
1869. 

Marsh, G. P.—Man and Nature; or, Physical Geography as modified by Human Action, 
8vo., London, 1864. 

Maetini und Chemnitz.—Systematisekes Conchylien-Cabinet, Lief., 190, 191, 4to., Niirn- 
berg, 1809. 

Masters, hi. T.—Vegetable Teratology (Published by Eay Soc., London), 8vo., London, 
1869. 

Muie, J.—Original Sanskrit Texts on the Origin and History of the People of India, their 
Eeligion and Institutions, Vol. Ill, Svo., London, 1868. 

Govt, of India. 

Neileeich, De. A.—Diagnoseu der in Ungarn und Slavonien bisher beobachteteu Gefass- 
pflanzen, 8vo., Wien, 1867. (Published by IC. K. Zool. Dot. Gesellseh., 
Wien). 

Odling, William.—A course of six lectures on the chemical changes of Carbon, 12mo., 
London, 1869. 

Oostee, W. A., und P. von C.—Protozoe Helvetica, Mittkeilungen aus dem Berner Museum 
der Naturgeschichte, &c., I, 4to., Bern, 1869. 

Page, De. David.—Chips and Chapters, a book for Amateur and Young Geologists, 8vo., 
London, 1869. 

Pfeiffer, Dr. L.—Malakozoologiseko Blotter, Vol. XVI, 3—8 Bog., 8vo., Cassel, 1869. 

Pictet, F. J.—Materiaux pour la Paleontologio Suisse ou recueil de monographies sur les 
fossiles du Jura et des Aipes, 4th Series, Parts 10,11, 4to., Geneva, 1868. 

Quenstedt, F. A.—Pctrefactenkuude Deutschlands, 1st Division, Vol. II, Parts 2, 3, with 
Atlas, 8vo., Leipzig, 1869. 

Eoscoe, 11. E.—Spectrum Analysis, 8vo., London, 1869. 

Schumann, J.—Die Diatomen der hohen Tatra, 8vo., Wien, 1867. (Published by Iv. Iv. Zool. 
Bot. Gesellseh., Wien). 

Tivemlow, Major General G.—Pacts and Fossils adduced to prove the deluge of Noah, 
Svo., London, 1S69. 
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Whitney, J. D.—The Yosemite Guide-Book: A description of the Yosemite Valley and 
the_ adjacent region of the Sierra Nevada, and the big trees of 
California, 8vo., Cambridge, 1869. 

Winnertz, Joh.—Beitrage zu eincr Monographie der Seiarien, 8vo., Wien, 1867. (Published 
by K. K. Zool. Bot. Gesells, Wien). 

Periodicals. 

American Journal of Conchology, Vol. TV, Part 5, 8vo., Philadelphia, 1869. 

American Journal of Science and Arts, 2nd Series, Vol. XLVII, No. 141, 8vo., New Haven, 
1869. 

Annals of Indian Administration in the year 1867-68, Vol. XIII, Part 1, 8vo., Seram pore, 
1868. The Govt, of India. 

Annals and Magazine of Natural History, &c., 4th Series, Vol. Ill, Nos. 17, 18, Vol. IV, 
Nos. 19, 20, 8vo., London, 1869. 

Engineers’ Journal, New Series, Vol. XII, Nos. 19—21, 4to., Calcutta, 1869- 

Geological Magazine, Vol. VI, Nos. 69, 62, 8vo., London, 1869- 

Journal de Conchyliologie, 3rd Series, Vol. IX, No. 3, 8vo., Paris, 1869. 

Neues Jahrbuch fur Mineralogie, Geologic und Palseontologie, Parts 3, 4, 5, 1869, 8vo., 
Stuttgart, 1869. 

Novitates Conchologicae, I Abth., 34 Lief., 4to., Cassel, 1869, 

Novitates Conchologicae, II Abth., 14 Lief., 4to., Cassel, 1869. 

Pakeontographica, Vol. XVII, Part 2, 4to., Cassel, 1869. 

Peteemann, Be. A,—Geographische Mittheilungen, Heft. IV, V, VI, 1869, 4to., Gotha, 
1869. 

Professional Papers on Indian Engineering, Vol. VI, No. 24, Boy. 8vo., Boorkee, 1869. 
Principal, Thomason College, 

Quarterly Journal of Microscopical Science, New Series, No. XXXV, 8vo., London, 1869. 

Quarterly Journal of Science, No. XXIII, 8vo., London, 1869. 

Becords of the Geological Survey of India, Vol. II, Part 3, 8vo., Calcutta, 1869. 
Geological Survey of India. 

Bevue universelle des mines, de la Metallurgy des travaux publics, &c., Vols. XXV & XXVI, 
Nos. 1 & 2, livr., 8vo., Liege, 1869. 

Zeitschrift fiir die gesammten Naturwissenschaften, Vol. XXXII, 8vo., Berlin, 1868. 
Nat. Hist. Soc., Halle. 

Government Selections, &c. (from the Governments). 

Bengal.—General Beport on Public Instruction in the Lower Provinces of the Bengal 
Presidency, 1867-68, with Eesolution, 8vo., Calcutta, 1868. 

The Government of Bengal. 

„ Beport of the Meteorological Eoporter to the Government of Bengal for the year 
1868-69, with Meteorological Abstract for the year 1868, Pop., 
Calcutta, 1869. The Government of Bengal. 

Bombay.—Official Correspondence relating to the System of Bevenue Survey and Assessment 
and its administration in the Bombay Presidency, 8vo., Bombay, 1869. 

The Bombay Government. 

British Burmah.-—Beport on Hospitals and Dispensaries for 1867-68: Extract from 
Proceedings in the Home Department, No. 263, Boy. 8vo., Mauhnain, 
1869. Chief Commissioner of British Burmah. 
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British Burmah.—British Burmah Criminal Justice Report, 1867 : Extract from the 
Proceedings of the Chief Commissioner, British Burmah, in the 
Home Department, No. 94, 8vo., Rangoon, 1867. 

Chief Commissioner of British Burmah. 

British Burmah; Home Department (Police) Annual Police Report, 
1868, Roy. 8vo., Rangoon, 1869. 

Chief Commissioner of British Burmah. 

Annual Report on Criminal and Civil Justice in the Courts of the 
Recorders and in the Small Cause Courts of Rangoon and Maulmain 
during 1868, 8vo., Rangoon. 

Chief Commissioner of British Burmah. 

Central Provinces.—Report on the administration of the Central Provinces for the year 
1S68-69, by J. H. Morris, Esq., 8vo., Nagpore, 1869. 

Chief Commissioner of Central Provinces. 

i ndia.—Selections from the Records of tho Government of India, Homo Department, 
No. LXXI, 8vo., Calcutta, 1869. The Government of India. 

Annual Report on the convict settlement of Port Blair for the year 1867-68, 8vo., 
Port Blair, 1868. The Government of India. 

Reprint, No. 16, of Records in the Public Works Department. Progress Report of 
Forest Administration in the Province of Oudh, 1867-68, by Captain 
B. S. Wood. Fcp., Calcutta, 1869. 

The Government of India. 

Madras.—Selections from the Records of the Madras Government, No. XI. Report on 
Public Instruction in the Madras Presidency for 1867-68, 8vo., 
Madras, 1868. The Madras Government. 

Selections from the Records of the Madras Government, No. XIII. Report on 
Uncovenanted Service Examinations in Madras Presidency, Roy. 
8vo., Madras, 1869. The Government of Madras. 

The Madura Country : A Manual compiled by order of the Madras Government, 
by J. H. Nelson, Esq., in live parts, 8vo., Madras, 1868. 

The Government of Madras. 

A Manual of tbe District of Vizagapatam in the Presidency of Madras, compiled 
by D. F. Carmichael, Esq., 8vo., Madras, 1869. 

The Government of Madras. 

Medical Department.—A Sketch of the Medical History of the Native Army of Bengal 
for 1868, by Surgeon Major J. T. C. Ross, Foolsc., Calcutta, 1869. 

Inspector General of Hospitals. 

Mysore.—Report on Public Instruction in Mysore for 1868-69, 8vo., Bangalore, 1869. 
Chief Commissioner of Mysore. 

N W Provinces.-—Report on Meteorological Observations in the North-Western Provinces 
of India, 1868, by Murray Thomson, Esq., Foolsc., Allahabad, 1869. 

The Government, N. W. P. 

Oudh.—Annual Report of the administration of the Province of Oudh for the year 1868-69, 
8vo., Lucknow. Chief Commissioner of Oudh. 

Report upon the progress of Education in the Province of Oudh, 1868, Foolsc., 
Lucknow, 1869. Chief Commissioner of Oudh. 

Report on the Police administration in the Province of Oudh for 1868, Foolsc., 
Lucknow, 1868. Chief Commissioner of Oudh. 

Report upon the administration of Civil Justice in the Province of Oudh, 1868, 
Foolsc., Lucknow, 1869. Chief Commissioner of Oudh. 
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Oudh.—Report on the administration of Criminal Justice in the Province of Oudh, 1868, 
Foolsc., Lucknow, 1869. 

Chief Commissioner of Oudh 

Report on the condition and management of Jails in the province of Oudh, 1868 
Foolsc., Lucknow, 1869. Chief Commissioner of Oudh 

Punjab.—Selections from the Records of the Government of the Punjab and its Depend¬ 
encies, New Series, No. Ill, on Belocli Tribes in the Dera Gbazi 
Khan District, by Captain C. Minchin, 8vo., Punjab, 1869. 

The Government of the Punjab. 

Selections from the Records of the Government of the Punjab and its Dependencies, 
New Series, No. IV. Administration of the Bahawulpoor, Chumba, 
and Patowdie States. 8vo., Punjab, 1869. 

The Government of the Punjab. 

Selections from the Records of the Government of the Punjab and its Depend¬ 
encies, New Series, No. V. Tea Cultivation in the Ivangra District. 
8vo., Punjab, 1869. The Government of the Punjab. 

Annual Report on Meteorological Observations, 1868, by A. Neil, Esq. Fcp., 
Loodiana, 1869. The Government of the Punjab. 

Results of Tour in Dardistan, Kashmir, Little Tibet, Ladak, Zanskar, &c. The 
Languages and Races of Dardistan. Vol. I, Parts 1, 2, by G. W. 
Leitner, Esq., 4to., Lahore, 1869. 

The Government of the Punjab. 

Roorkee.—Thomason Civil Engineering College, Roorkee. Annual Examination, August, 
1869. Report at the close of the session, 1868-69. Fcp., Roorkee, 
1869. Principal, Thomason College. 

Transactions of Societies, &c. 

Bombay.—Transactions of the Bombay Geographical Society, from January 1865 to December 
1867. Vol. XVIII, 8vo., Bombay, 1868. The Society. 

Calcutta.—Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Part II, No. 3, 8vo., 
Calcutta, 1869. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 7, 8, 9, 8vo., Calcutta, 1869. 
The Society. 

Dublin.—Journal of the Royal Geological Society of Ireland, Vol. II, Part 1, 8vo., Dublin, 
1868. The Society. 

Kcenigsberg,—Schriften der Koniglichen Physikalisch-Oekonomischen Gesellschaft zu 
Konigsberg, IX, Abtheil, 2, 4to„ Konigsberg, 1868. 

London.—Journal of the Society of Arts and of the Institutions in Union, Vol. XVII, 
856—871, 8vo., London, 1869. The Society. 

„ Journal of the Royal Geographical Society, Vol. XXXVIII, 8vo., London, 1868. 
The Society. 

„ Proceedings of the Royal Society, Vol. XVII, Nos. Ill—113, 8vo., London, 1869. 
The Society. 

,. Proceedings of Royal Geographical Society, Vol. XIII, No. 2, 8vo., London, 1869. 
The Society. 

Quarterly Journal of the Geological Society, Vol. XXV, Parts 2, 3, Nos. 98, 99, 
8vo., London, 1869. The Society. 

Report of the Thirty-Eighth Meeting of the British Association for the advance¬ 
ment ol' Science, held at Norwich in August, 1868, 8vo., London, 
1869. 
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M anchester.—Proceedings of the Literary and Philosophical Society of Manchester, Vol. V, 
1865-66; Vol. VI, 1866-67 ; Vol. VII, 1867-68,8vo., Manchester, 1868. 

The Society. 

„ Memoirs of the Literary and Philosophical Society of Manchester, 3rd Series, 
Vol. Ill, 8vo., London, 1868. The Society. 

Northumberland.—Natural History Transactions of Northumberland and Durham, 
Vol. Ill, Part i, 8vo., London, 1869. 

Paris.—Bulletin de la Societe Geologiquc de France, 2nd Serin, Vol. XXV, No. 5; Vol. XXVI, 
No. 2; 8vo., Paris, 1868. The Society. 

Philadelphia—Journal of the Franklin Institute, 3rd Series, Vol. LVII, Nos. 4, 5, 6, 8vo., 
Philadelphia, 1869. Franklin Institute. 

St. Petersburg.—Bulletin de 1 Academic imperiale des Sciences de St. Petersbourg, 
Vol. XIII, Nos. 4, 5, 6, Vol. XIV, No. 1, 4to., St. Petersbourg, 1869. 

Toronto.—Canadian Journal of Science, Literature and History, New Series, Vol. XII, 
No. 2, 8vo., Toronto, 1869. Canadian Institute. 

Vienna.—Verhandlungen derK . K. Zoologisch-Botanisohen Gesellschaft in Wien, Vol. XVII, 
8vo., Wien, 1867. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Mathematisch- 
Naturwissenschaftliche Classe, 1st Division, Vol. LVII, Parts 4, 5. 

2nd Division, Vol. LVII, Parts 4, 5. 

Vol. LVIII, Part 1; Roy. 8vo., Wien, 1868. 
The Academy. 

Maps, &c. 

Hauer, Franz Ritt. von.—Geologisehe Uebersichts-karte der oesterreichisch-ungarischen 
Monarchic, nacli den Aufnahmen der K. X. Geologischen Reichsan- 
stalt—Bl<ett. Nos. I und II, 8vo., Wien, 1869. 
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Annual Repoet of the Geological Survey of India and of the Museum of Geology, 

Calcutta, foe the Yeae 1869. 

The close of another year (1869) calls for a brief summary of the progress of the 
Geological Survey since our last report. 

The area, which it is possible to examine geologically within a year, depending essen¬ 
tially on the number and ability of the officers employed, it is necessary, first, to premise that 
during ten months of the twelve just passed, Mr._ W. T. Blanford, Deputy Superintendent, 
was absent, being engaged in the elaboration of his report on the Geology and Natural History 
of Abyssinia, the result of observations made while attached as Naturalist to the 
Abyssinian Field Force, and during a brief visit, subsequently to the return of this force from 
Abyssinia, to the adjoining territory of Bogos. Mr. Blanford was, at the beginning of the 
year (1869), ordered to proceed to Europe, where alone he could have facilities for the 
comparison and identification of his collections and of reference to all previously published 
accounts. After an absence from India, on this duty, of about six months, Mr. Blanford 
rejoined the Geological Survey at the beginning of November, and immediately took the field. 
Mr. Ormsby, who (as reported last year) had been obliged to proceed to Europe, suffering 
from sunstroke, returned just before the working season commenced in November. During 
the most important and largest portion of the year, therefore, the survey was without 
the aid of these two gentlemen. Mr. W. King and Mr. F. Mallet obtained 12 months’ 
furlough each, and left in September for Europe, having completed their maps and reports of 
the previous season; and their services will,of course, he wanting during the present season. 
Last year Iliad to report that Mr. Charles Oldham had proceeded on furlough in Nov¬ 
ember, and with deep regret I was called on to report his decease in April last. In him the 
Government of India lost a trained and able servant, distinguished for his conscientious 
devotion to duty, and for the care and skill with which he, as Deputy Superintendent for 
Madras, conducted the labours of the party working there. In him also the officers of the 
Survey regret the loss of an esteemed colleague. This death, resulting from the effects of an 
attack contracted during his active service in India, adds another to the long list of those who 
have succumbed to the very trying exposure in the worst and most unhealthy _ parts of the 
country which the pursuit of Geology in India necessarily entails. The remaining officers 
of the Survey have all been actively engaged during the year. 

Soon after the commencement of the year (1869), having then just returned from the 
Punjab, I proceeded to Cachar and Sylhet, to examine, on the spot, the evidence connected 
with the serious earthquake of the 10th of .January, which had caused such extensive 
damage. I was unfortunate in visiting the localities just at the time when all the available 
carriage of the district was needed for the Military expedition then just leaving Silchar; so 
that I found it impracticable to see quite as much of the country as I could have wished.. I 
succeeded, however, in obtaining some accurate and valuable observations. And in returning 
I crossed the Khasi Hills, noting the results of the same earthquake at Sylhet, Cherra 
Poonjee, Shillong, and Gowhatty. A brief notice of these results was given at a meeting 
of the Asiatic Society of Bengal in March (vide Proceedings of the Society for April 1869, 
p. 113). While working out these observations, 1 was led to notice how little ol any accurate record 
existed in this country regarding the earthquake shocks to which many parts of it are 
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frequently subject. And I have, therefore, given some time to the preparation of as perfect a 
catalogue of Indian earthquakes as I had means of obtaining. This will, I believe, prove an 
useful addition to Indian seismo-statistics, and I trust may at the same time be the means 
of eliciting further information on the subject. Many private records of such phenomena 
doubtless exist, full of interesting and often valuable information, which has never been given 
to the public. I would solicit the contribution of any such facts as may tend to prove the 
occurrence of shocks not hitherto noticed, or to indicate the extent of area over which, and the 
relative violence or intensity with which, shocks already recorded may have been felt in 
different parts of the country. The very nature of such a catalogue precludes the possibility 
of successful compilation by any unaided individual; the co-operation of many is essential. 
A report of the effects of the earthquake of 10th January, 1869, is in progress. 

At the beginning of November, I proceeded to the Central Provinces to control the 
operations there in progress for the exploration of the coal in Chanda and Berar. I found that 
the late rains of the year had caused a good deal of fever in many places, and the taking of the 
field by the Survey Party was a little delayed in consequence. Proceeding from Nagpore in 
company with Mr. C. Bernard, Commissioner of Nagpore, in whose jurisdiction the Chanda 
district is, I first took a general review of the field as far south as Ballarpur. And then 
returning fixed upon positions for future borings, with a view to test not only the continuity 
of the beds of coal which the river Wurdah had exposed in one or two places, but also to 
prove the nature, thickness, and contents of the coal-hearing formation generally. I have seldom 
seen a country less favorable for detailed Geological research, as a thick covering of clays con¬ 
ceals the rocks entirely, excepting at distant intervals. Any detailed examination, therefore, 
necessarily takes much time, and cannot in the end be very satisfactory. But, with the aid of 
borings, we hope to be able to trace out the rocks with tolerable accuracy. 

The results of the trials up to November last were published in the last part of the 
Records of the Survey (Part 4, 1869), and it is not necessary* to repeat them here. Since 
that time, up to date, additional information has been gained, which is all satisfactory. One 
of the great sources of doubt as to the extent of the coal deposits arose from the widely* 
established fact, that the beds in the group of rocks in which the coal here occurs (that 
known to Indian Geologists as the Barakar group) had invariably a tendency* to exhibit very 
great variation both in thickness and quality within short distances. They are often of great 
thickness locally*, hut thin out and nearly disappear within short distances: this variation 
also being not only in the thickness, but also in the quality of the beds, so that what 
shows as a bed of good coal in one place may, within a few yards or a few hundreds of yards, 
pass into a shale without coal, or even into a sandstone. It was, therefore, important to test 
this, and the first new boring which was fixed on was put down near the village of Telwasa, 
some ten miles to the north of where the coal had been found in the river. No coal was 
visible, nor had any been ever known to he there; but the position in which it ought to be 
found, if the beds continued, was, as appeared to me, well marked. After some delays, 
the rods were put down here, and passing through the beds of sandstone, seen on the surface, 
they entered a group of beds of coal and shale, in the proper position exactly as anticipated. 
Up to the close of the year, 19 feet of this coal, with a few shale partings, had been cut into 
and the beds still continued.* Near the village of Nokora also, to the extreme south end of 
the small area of coal-bearing rocks which occurs on the Chanda side of the Wurdah river, 
near Ghugiis, the limits of which had been approximately fixed by Mr. Blanford in 1866, 
a hore-hole was pnt down by Mr. Fryar to test the character of the beds there. This has cut 
the same group of beds with coal found to the north of Ghitgus village. There are representa¬ 
tives of the two upper beds, and then of the thicker group of shale and coal below. But, as 
expected, there is a large amount of variation in the actual section. The thick beds of so- 
called coal and shale noticed in the borings at the north of Ghugiis (see Records, Geological 
Survey, 1869, p. 97), as being there altogether some 3,3 feet in thickness, have increased to 
more than 50 feet at Nokora; but this increase in aggregate thickness is chiefly in the 
greater development of the earthy or shale beds. The details of measurements need not be 
given here. 

The results, so far as the explorations have been carried, seem to me to point to the 
general continuity of the coals on a fixed horizon in the lower sandstones, and if this be con¬ 
firmed by further examination, these coals may be sought for with considerable certainty within 

* Forty-one feet, seven inches, of coal have been cut altogether here, in a total depth of 138 feet. 
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the very limited area which these rocks occupy. Until the recent trials, I regret to say that 
no principle seems to have guided the selections of the several points at which bore-holes 
were put down. They were apparently put down completely at hap-hazard, and were ot 
course, in most cases, without any definite result. Localities have now been absolutely fixed 
upon for a number of additional borings, where, at comparatively small depths, the pre¬ 

sence or absence of the coal may be determined. 

A steam-boring machine has also been delivered at Chanda, but it is not yet in opera¬ 
tion. It will in reality be of very trifling use in this field. The country is to an immense 
extent either covered with jungle or with deep beds of clay, through which every little stream 
cuts a deep channel or gully, and in either case there are no roads excepting of the most 
primitive character. There are not, therefore, more than half a dozen spots in the district 
to which this steam-boring machine can be conveyed, excepting at great loss of time and. ex¬ 
pense. And even in those localities, the required information can he obtained with ordinaiy 
boring tools more cheaply and expeditiously if only a systematic system of choice of position 
he acted upon. It is, however, hoped that a trial will soon he made with this steam-boring 
machine when the services of some one competent to undertake the management of it can be 

obtained. 
To Major C. B. Lucie-Smith, Deputy Commissioner of Chanda, I am indebted for the 

most hearty and effective assistance in all things. The Geological Survey is also indebted to 
Mr. S. H. Hennessy, Extra Assistant Commissioner, for the earnest and friendly way in 

which he has ever met their wishes. 

It is hoped that as soon as the Chanda district is examined, the investigations of the 
Geological Survey may be continued down the valley of the Godavery, at detached points 
in which we know of the existence of small basins of the coal measure rocks, m which coal 
may exist in good workable quantity. Such a basin, for example, occurs about lt> miles north 
of Dumagudiam, from which, at the place indicated by Mr. W. Blanford m 1866 near 
the junction of the Tal river, in the left hank close to the village of Lmgala, a considerable 
quantity of coal was raised last year from the bed of the liter. This coal worked effectively 
in the low pressure stationary engines, but was not sufficient to keep up steam for the high 
pressure engines of some of the steamers. I am also indebted to Colonel Haig, n. K., tor the 
information that coal has been again found exposed in the scarped face of the rocks on the 
rteht bank of the river, about Similes below Dumagudiam. ’About two feet are seen above 
water level, and it extends under the water as far as a man can reach with his arm. All 
these facts point to the necessity of an earl}r and careful examination of this country. And 
it is my purpose next working season to work up from the Madras side, the party of the survey 
there engaged bringing up with them the extended knowledge they have obtained of the 
older groups of rocks in the Madras Presidency and the officers of the survey from Bengal 
working downwards, and bringing with them their widely acquired intimacy with the struc¬ 
ture, character, and sub-divisions of the coal measures of India. The extent of countiy to bo 
visited is, however, wide, and the detailed examination of so large an area will unavoidably 
occupy much time. The result of a systematic examination of this kind will, however, be 
more satisfactory and more trustworthy than if taken up at detached points. 

In connection with these practical explorations bv boring lor coal, &c., I would notice the 
great satisfaction with which the Geological Survey have seen Jately the success of that most 
important trial for water at Umballa. The insufficiency of the supply of water at this 
laro*e station has long been a source of anxiety, and a cause of ill-health, and has led to pro¬ 
posals for the adoption of very costly and tedious works to increase the amount of available 
water and to facilitate its distribution. Mr. H. B. Medlicott, after his examination of the 
Sub-Himalayan rooks, urged.the importance of seeking this much-needed supply ot water in 
the water-bearing beds which must exist under all the country in that parallel along the foot 
of the hills.* The reasons for the confident expectation of good water being found there 
with a pressure at least sufficient to bring it to, or near to, the surface from very considerable 
depths were started, and have, on several occasions since then, been very strongly urged. It 
was therefore with no small satisfaction that we saw the very first trial confirm the justice 
of these sanguine expectations. It is to be hoped that further trials will be now boldly 

* Memoir* of Geological .Survey of ludkt. vol. Ilk. pi. II. p. 19k 
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carried out, but at the same time strictly limited to those areas where the probable existence 
of similar conditions may be fairly anticipated after proper examination. 

As stated in my last annual report Mr. Medlicott was, at the commencement of tbo 
year, engaged in the examination of the very important geological questions of the extent 
and stratjgraphical relations of the several series of sandstones, &c., associated with the coal 
in Bengal as compared with those in Central India. In pursuance of this object, he 
traversed the entire country between Hazaribagh and Palamow on the east and 
Jubbulpnr, on the west; and thence went southwards to Nagpore and Chanda. This ex¬ 
tended and general survey of the vast area occupied bv these rocks has brought into greater 
prominence and clearness, and has established the wider application of several of the views 
already enunciated by other officers of the Survey regarding the distribution and variation in 
character of the several sub-divisions of that great series of beds, in some members of which 
the coals of India chiefly occur, and which may, as a whole, and in a broad view of its fossil 
contents, be called the plant-bearing series. The vast extension and wonderful constancy in 
mineral character (combined with local peculiarities) of the Talchir rocks, which have always 
been treated of as the base of this great series, although forming in themselves a well 
marked and characteristic group, has been even more fully established than it previously 
had been. The dying out also in passing to the west of the distinctions so easily established 
in the eastern coal-fields, (Raniguuj, Jherria, &c.), where a three-fold sub-division of the 
true Damu.da or coal-hearing rocks is obvious—a fact already fully indicated by Mr. Hughes, 
as far as the Bengal fields are concerned—has been shown by Mr. Medlicott to be entirely 
supported by the character of the rocks in the more western fields. And, at the same time, the 
co-existent fact of the considerable increase in the development of the group which occurs at 
the top of the series (the Panehet group), seems equally established. The entire group of 
the formations or series which in the oast gives five well-marked sub-divisions (Talchir, 
Barakar, Ironstone shales, Itanigunj, and Panehet) becomes at only a short distance to the 
west only a three-fold series of the Talchir, the Barakar, and the Panehet. This was shown 
to bo the case in some of the Bengal fields, and the same fact is more fully insisted on by 
Mr. Medlicott with reference to the country lying further west. 

Although, so far as known, there seem good grounds for admitting this as giving the 
truest representation of the facts, it must at the same time he stated that the lithological 
character of each of these groups differ in the west and south from that of the typical rocks 
in the Banigunj field and Talchir field. Even so near to Raniguuj as the Palamow 
(or Daltongunj field.) Mr. Hughes has shown that the Barakar rocks present a lithological 
character intermediate as it were between the true Barakar and the Itanigunj beds. And 
further, in the Bokaro field, he has pointed out the transitional passage of the Itanigunj beds 
into the Panchets. 

With these facts, it would almost remain an open question, whether much of those upper 
beds, to wbicli we are now disposed to assign the general name Panehet, may not represent, 
in time, the upper groups of the more eastern fields (Banigunj beds, Ironstone shale). And 
the fossils contained would go to support this view. But the general mineral character very 
decidedly approximates more to that of the typical Panehet rocks, and throughout the entire- 
area extending over many thousand square miles with well exposed sections, the absence of 
any deposits of coal, which are so valuable and abundant in the upper groups of the Banigunj 
field, is an additional and strong reason why these rocks should be referred to the Panehet 
group rather than to the others. It might possibly solve the difficulty better in the first 
instance to establish an intermediate and distinct sub-division applicable only to a part of this 
upper group of socks in the west, hut this would perhaps only lead to greater difficulties, because 
this group must he localized, while all the facts point rather to a gradual passage of character 
over geographical areas, than to any definite sub-division. In any such large series, where the 
sub-divisions are not marked by material interruption, or change, of deposit, or by any long 
interval of time accompanied by the destruction of pre-existing beds, there is no possibility of 
(hawing any trenchant line of division, for such does not exist. And it can, therefore, he 
only on a balancing of evidence that any part is placed in correlation with one sub-division 
rather than with another. 

Mr. Medlicott has also brought forward additional proofs to show that, on 
the large scale, the present limits of these coal-measure fields coincide approximately with the 
original limits of deposition and are not the result of faulting, or even mainly of denudation. 
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This limitation of original deposition has long been the view held by Mr. Hughes (and by 
myself) with reference to the Bengal fields which he had examined, and Mr. Medlicott now 
shows how he considers it applicable to those in the west also. 

There appear to me, however, wider and larger views of this variation in mineral character, 
and in succession of beds, as well as in limitation of area occupied, which must be wox'ked out 
in greater detail before any definite conclusions be possible. They may, however, be indicated. 
All these successive beds, (possibly with the exception of the Talchir s) representing an enor¬ 
mous lapse of time, agree in one respect, that they seem to be purely fresh water (fluviatile 
or fluvio-lacustriue) or estuarine deposits. This tact alone involves the consideration of defi¬ 
nite limits within which the rivers or lakes by which, or in which, they were formed were 
confined at the time of their deposition. This again would seem unavoidably to bring with 
it a very large amount of variation in each basin of deposition quite consistently with a 
general resemblance or agreement in the succession. It seems difficult, if not almost impos¬ 
sible, to suppose that coincidently with any great changes of surface level, &c., which may 
have atf'ected the whole country, there were not also variations in each more limited area, or 
drainage basin of the then existing dry land. Thus it seems to me, we are naturally led, 
a priori, to look for a general persistence of type coincidently with a wide limit of variation 
in detail. And this, I believe, will go far to account for much of the variation we do find. The 
present distribution of these coal-fields in India, modified, as it undoubtedly has been, by the 
great destruction and denudation to which not only the coal-bearing, but all subjacent rocks 
have been subjected, appears to me to point also to this limitation to defined areas. Thus the 
Ranigunj, the Jherria, the Bokaro, the Ramghur, and the Ivarunpura fields all 
belong to the drainage basin of the Damoodah river. Itkuri (Eetcoora), and the 
Kurhurbari fields are in the basin of the Barakar, the largest affluent of the Damoodah, 
from which in the upper part of its course it is separated by the lofty ranges of Par a snath 
and the wide plateau of Hazaribagh. The Kasta deposits and the limited field near 
Dubrajpur and the Deogur fields are in the valley of the Adjai, and limited to it, 
while the valley of the More, further to the north, has its small field near to Soory. (In a 
wider view, all these rivers may be considered to have formed one general estuary at an 
early period). The Talchir field, near Kattak, the detached areas of Talchir sandstones in 
the Sumbulpur country, and the Belaspur field, are limited to the Mahanuddy basin; 
the Palamow, the Singrowli, and South Rewah coals are all strictly confined to the 
Sone basin;—the Chanda field and the continuation of this field in detached areas down 
the Godavery valley, considerably below Dumagudiam, all are strictly confined to the basin 
of the Godavery and its affluents, while similarly the coal-fields of the Nerbudda valley are 
all limited to the drainage basin of that river. 

In other words, it seems to me that there is very strong evidence to lead to the 
conviction (announced by me at the meeting of the British Association in December 1867, 
when speaking generally of the Geology of India), that the great drainage basins of this 
country were on the large scale marked out, and existed (as drainage-basins) at the enormously 
distant period which marked the commencement of the deposition of the great plant-bearing 
series to which I have referred. 

In this point of view, local variations in the lithological type, and local variations in 
the thickness of the groups, and even their occurrence or non-occurrence, are only necessary 
consequences of the mode and limits of formation. And this will, I think, go far to account 
for these variations. 

Mr. Medlicott has arrived at somewhat similar conclusions bearing on the limits 
of deposition of these beds as applied to some of the basins. 

At the commencement of the present season, Mr. Medlicott proceeded to the 
Nerbudda valley, to work out more closely than had before been practicable the coal-bearing 
rocks in that area. When first visited, now more than twelve years since, no maps whatever 
existed of the Nurs in gpur and Ho shun gab ad districts, and it was necessary, in order 
to obtain any record, to carry out a general topographical sketch or survey concurrently 
with the geological examination. Within the last few months we obtained the finished 
revenue survey maps of these districts (Hoshungabad and Nursingpur), and I have at 
once taken advantage of them to ascertain with greater accuracy than was originally possible 
the distribution and contents of the coal-measure rocks there. The approaching completion 
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of the line of railway between Jubbulpur and Bombay also rendered it urgently important 
that this should be done at the earliest date. 

Mr. Willson examined in the early part of the year a large portion of the Jhansi 
and Lullutpur districts, tracing out the remarkable quartz reefs that exist in such numbers 
and of such size in that area, and mapping with care the limits also of the recent deposits. 
And he is at present engaged in the continuation of this work, so as to join on his geological 
boundaries with those already very carefully put in by himself in the Saugor and Dumoh 
districts and with those in the Gwalior country mapped by Mr. Hacket. 

The terrible sufferings of the population in Jeyporo and adjoining country from 
failure of their crops, and the consequences of deficiency of food, rendered it desiratle that 
Mr. Hacket should not return for the present season to the work on wdiich he had been 
there engaged. He has, therefore, been moved to Jubbulpur, where he will carry out the 
examination with the detailed maps now available of the south-east portion of the district, 
and connect it with Rewah to the north and east. In the beginning of the year Mr. Hacket 
traced out the boundary of the great Deccan trap area, from Neemuch across to the Beeas 
river, which line has since been embodied in the general map of the Vindhyan area accom¬ 
panying the published report of Mr. F. Mallet. 

Mr. Ball, in the early paid of the year, carried out the examination of parts of the 
Singhbhum country, tracing out carefully the copper-bearing rocks and their limits. And 
since Mr. Ormsby's return in the autumn, Mr. Ball and Mr. Ormsby have both been sent 
to revise and bring up to the existing state of knowledge of Indian Geology the maps of 
Bhagulpur and Birbhum previous to final publication. These districts were among those 
earliest examined in this country. And since that time very considerable progress has been 
made in the distinguishing of the rock groups of India. The original examination of these 
districts had also been more than once necessarily interrupted by disturbances among the 
Sonthals and other causes, and it was therefore essential that they should be gone over again 
noth a view to general revision. 

Mr. Mallet, during the early portion of the year, was engaged in working out in detail, 
and with the advantage of new and better maps, the relations of the several groups of rocks 
which occur in the eastern portion of the Sone valley, and which there come between the 
Vindhyan formation and the gneissose rocks. The more important of his results have 
been embodied in the Report on the Vindhyan formation, published during the year, which 
is noticed further on. Mr. Mallet, as already mentioned, has obtained leave for one year, and 
left India in September. 

Mr. W. Blanford rejoined the Geological Survey on his return from deputation as 
Naturalist and Geologist in connection with the Abyssinian Field Force at the beginning of 
November. He has taken up the careful examination of the Chanda district with the 
assistance of Mr. Hughes and Mr. Fcdden. Of this district he hud himself made a rapid 
reconnoissance in 1866 and furnished a sketch geological map, which, considering the very 
unfavorable nature of the country for any geological examination and the brief visit 
Mr. Blanford paid to the district, was marvellously accurate and good. Mr. Blanford then 
also was the first to realize the true nature of the coal deposits of the field, which had been 
searched out with untiring determination by Major Lucie-Smith, the Deputy Commissioner. 
The occurrence of these coals in this district in a geographical position singularly favorable 
for the supply of fuel to a very large area both to the west and south, and the considerable diffi¬ 
culties attending the investigation, rendered it highly important that the facts should be ascer¬ 
tained as quickly as possible. 1 have therefore moved up from Bengal Mr. Theod. Hughes, 
who has perhaps had more experience and detailed knowledge of the Indian coal-bearing rocks 
than any one on the Survey, and with Mr. Feddcnhe will act under Mr. Blanford, Deputy- 
Superintendent. The work was allotted without delay. Mr. Blanford himself in addition to 
the general supervision of all, has taken up the detailed investigation of tho rocks which come 
below the coal measure series. Mr. Fcdden has been sent to those above the same series, while 
Mr. Hughes will take up these coal-rocks themselves. The district is most unfavorable for 
detailed geological examination, being either more than usually covered with very thick deposits 
of clays aud gravels (often cemented into a hard calcareous conglomerate), occasionally 
containing bones or fragments of bones of large animals, and all probably of the same general 
age as the similar conglomerates ol the Nerbudda and God a v c ry valleys, (Pliocene), or 
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concealed by widely spreading jungles and forests often almost impenetrable. Mr. Blanford 
years since pointed out that it would be impossible to arrive at any satisfactory conclusions 
without actually boring in many places, and this actual testing of the ground is now being 
carried out successfully in conjunction with the general examination. Should the officers 
of the Survey be fortunate enough to preserve good health during the season, this year will 
see a large area thoroughly explored. As already mentioned, the late rains in October produced 
a good deal of fever aud illness, and, as usual, the Survey parties have also suffered. 

Madras.—The early part of the year (1869) was given by Mr. King and Mr. Foote 
to the completion of the geological area occupied by quartzites', slates, limestones, &c., which 
cover the larger portion of the districts of Kuddapah and Kurnool, and which appear, 
geologically, to represent in the south the older portion of the great Vindhvan series, to which 
allusion has already been made. This great area being complete in itself, that is, bein°- 
surrounded on all sides by rocks of totally different ages and different mineral characters, 
will be treated of as one. And since the close of the field work. Mr. King has completed’ 
a general report on the entire area containing many thousand square milesf This report is 
now in preparation for the press; and will be issued during the present year. Mr. Kino- took 
furlough-leave in September, handing over the Madras work to Mr. Foote. For the present 
season Mr. Foote has been directed to carry on the examination of the rocks, of the same 
mineral character, which appear under the great flows of the Deccan trap, and resting 
quite unconformably on the gneiss rocks in parts of the fiaichoor Doab, the vicinity of 
Belgaum, and under parts of the ghats on the western coast. That thev belong to the same 
general series as the rocks in Kuddapah and Kurnool there is no question, and it is hoped 
that Mr. Foote's acquaintance with the latter will enable him the more easily to identify them 
This will connect with the Madras area the work already done by Mr. C. Wilkinson some 
yearn since in Rutnagherry and Snwiint Warree," but which was unfortunately left 
unfinished, when that gentleman was obliged to resign his connection with the Survey, as his 
health could not bear the great exposure unavoidably entailed by his geological work. This 
work will also, I think, give us a second complete section (geological) across tiie Peninsula. 

I have had occasion already to notice the decease of Mr. C. Oldham, which untimely 
event, and Mr. King’s absence on leave have reduced the Madras party for the present season 
to only one, Mr. Bruce Foote. 

Bombay.—The Bombay party of the Survey continued the examination of Kutch as 
reported last year. This was completed before the close of the working season of 1869 and 
Mr. Wynne and Mr Fedden both deserve much credit for the zealous and earnest spirit 
witn which they carried out this work in a very difficult and in many ways very inaccessible 
district. Mr. Wynne has subsequently, during the monsoon, prepared' a very admirably 
executed map of the whole of Kutch, and has embodied his own and Mr. Fedden’s researches 
m a general report, accompanied with many excellent and well-drawn sketches. This map 
is on the same scale as the Atlas of India, namely, 4 miles = one inch, and it will scarcely be 
practicable to show the detail of the geology on a smaller map, although the publication of 
this large plan will he difficult. 

At the commencement 
Mr. Wynne proceeded, as 
that province, while Mr. F 
under his instructions, the 
he is now engaged. 

ot the present season, as soon as it was practicable to leave Kutch 
ordered, to the Punjab to take up the detailed examination of 
edden proceeded to Bombay, and joining Mr. Blanford took up 
examination of parts of the Chanda and Wo on districts, in which 

Jt had long been mydesire to cany out acareful examination of the Punjab, which offers 
to the Geologist many points of great interest, as well as promise of valuable mineral pro- 
ducts But the pressing demands for geological enquiry in other directions have always 
hitherto prevented any ot the staff of the Survey from being located there. It was. therefore 
withi pleasure that I found it practicable to send Mr. Wynne there this season, and I doubt 
not he will exhibit the same zeal and ability there as he has elsewhere. I have asked his 

Tt ' dattentl0n t0 the relatlons of tke beds from which petroleum is obtained or likely to be 

Bubmah. Mr. W. Theobald has, as anticipated in last year’s report, completed the 
general examination of the Prome district up to the frontier of British Burma!), so far as 
that lies to the east of the Irawadi. He has this season taken up the country lying to the 
west ot the river in the same parallel, and I hope the season will see it completed In this 
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part of tlie district, numiuulitic rocks (limestones, &c.,) occur and form an interesting 
study. They may be found to contain petroleum, as they occasionally do elsewhere. 

Publications. The first part of the seventh volume of the Memoirs of the Geological 
Survey of India contains a full report on the area occupied in North-Western India by the 
great series of rocks, to which the name Vindhyan was first given by myself in 1856. 
Stretching along the northern escarpments of the Nerbudda valley, passing across the 
district of Jubbulpur, and forming the whole of the Rewah country north of the Sone, 
this great series extends in a continuous mass far into Bengal, where the picturesque cliffs 
of the Rhotasgurh hills form its steeply scarped limits on the left bank of the Sonc. 
Returning towards the west by Sasseram, Chunar, Mirzapur, and a little south of Alla¬ 
habad, the boundary thence stretches in a great sweeping bay or curve to the south by 
Kir wee, Bijaw ur, and crossing the Beas river, trends again north to Gwalior and Agra, 
and Futtipur Sikri, whence the line again trends to the south and extends to near Neemueh. 
The rocks belonging to this widely extended and important group constitute one of the most 
remarkable and interesting series in all India. They become also still more important to 
the Indian Geologist when he finds representatives of the same great series covering immense 
areas in the Madras Presidency (Kuddapah, Kurnool, &c.), stretching northwards along 
the flanks of the ghats, and up the Godavery country, until in Berar and the adjoining 
parts of the Nizam’s dominions, and again in Bustar and Chutteesgurh, they constitute 
the rocky basis of very extended districts. They are divisible into several different groups 
characterized by peculiar lithological distinctions, and throughout the whole area described 
present a wonderful constancy of mineral composition. Mr. Fred. Mallet, who had himself 
examined much of the area in N. W. India occupied by these rocks, has combined with his 
personal observations the labours of others, and has given a connected history of the entire 
series in this part of the Memoirs. 

I have always found it exceedingly difficult to lead to a just conception of the immensity 
of the areas we have to deal with in this country. And it may be useful to draw a com¬ 
parison here which may tend to a realization of the facts. The small map, which accom¬ 
panies the report of Mr. Mallet, (a reduction from the larger scale maps used in the field) 
just noticed, represents an area quite as large as England and Wales; while all the lines 
of geological division and sub-division shown on it have been actually traced out by 
detailed examination. The previous part of the Memoirs, the last part of Volume Vl, 
contained also a geological map of quite as extended an area, that is, geological maps and 
reports have been published within twelve months, exhibiting the structure of a country 
larger in area than the whole of Great Britain and Ireland. And it should be added of a 
country regarding the structure of which nothing trustworthy was known previously to 
the commencement of the Geological Survey. 

The same part of Volume VII contains also a continuation for 1868 of the annual 
returns of the quantity of Coal raised in India in continuation of similar returns which 
I had already published for the years since 1867. The full details will be seen in the 
tables given. 

There is also, in the same part, a careful description of the very interesting area near 
Cherra Poonji in Eastern Bengal by Mr. Medlicott. As stated in my last report, 
Mr. Medlicott enjoyed tiie advantage of visiting these hills at the only time of year in 
which it wTas possible for any one, without certainty of serious illness, to visit the lower valleys, 
which are deadly in the rainy season. He has thus been able to clear up much that was 
unknown, and the consequence has been a considerable modification of the views originally 
taken of their structure. Mr. Medlicott has also been able to carry out the separation of 
the tertiary and cretaceous rocks, the necessity for which, as established by fossils, was 
indicated by me in 1863, (Quar. Jour. Geol. Soc., Lond. vol. xix, p. 521). His brief memoir 
will prove a valuable basis on which to carry out the detailed examination of the adjoining 
hills. 

Reports on the Kurhurbari coal-field and on the detached and small fields near 
Deoghur in Birbhuni are ready; their issue being only delayed by the time required for 
colouring the geological maps. 

Of the jPalceontologia Indica, a part or fasciculus of which was due in October last, 
I have not issued any part. Several complaints as to the loss and injury sustained in con¬ 
sequence of the issue of this valuable series in small fasciculi having reached me, and desire 
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having been expressed that they should be sent in larger parts, or volumes, or half volumes 
I have thought it better to defer the issue for a little until a larger part can be published at 
once. The four parts, therefore, for the year 1889-70, the last of which will be due in 
October 1870, will he issued during the year before October, and will constitute half a volume. 
The plates for all these are quite ready, and separate fasciculi could he issued now, but, for 
the reasons here given, it is thought wiser to delay a little and give four parts in one, as 
was done before. 

The Records of the Geological Survey, which, as announced, are intended to convey a 
notice of the current work of the Survey, shorter papers, and abstracts of papers which 
cannot he published in detail at once, with analyses of works hearing upon the Geology of 
India, have punctually appeared at the stated intervals of three months. In the numbers 
for the past year, we have given to the public descriptions of the geology of the rich and 
productive valley of Berar; sketch of the Geology of Kuteh; of the Shillong plateau 
(since published in detail); of the Kuddapah and Kurnool districts in Madras, (of which 
detailed report is in press) ; on parts of Prome in British Bnrmah ; on the general relations 
of the metamorphic rocks of Bengal; in pabeontology, a careful description and plate of 
the fossil Paugshura (Emys) tecta, and other Chelonia. These are of very high interest, 
as they are truly identical with the same species, now living abundantly in this country, while 
the remains described were found along with remains of animals which have long ceased to 
exist in India, (Hippopotamus, Sivalherium, Mastodon, cfv.). Bearing on the practical 
applications of Geology, we have notices of gold inSinghbhum: of the mineral statistics 
of Kumaon, where a considerable amount of copper is still raised by the inhabitants; and 
on the coal-fields of the Central Provinces: while to meet the general interest excited 
in the history of the Nicobar Islands, and to answer many enquiries made regarding their 
geology, I have published a translation of the most recent and valuable contribution 
to their geological history, which having appeared in German, as a part of an expensive and 
not generally available series of publications, containing the researches of the scientific expedi¬ 
tion which the Austrian Government sent round the world in the “Novara” (1857-59), was 
not accessible generally to the public here. Full lists of the additions to our library here, 
of which so large a portion consists of exchanges with scientific institutions and societies in 
other countries, are also regularly given in the Records. 

In addition to the ordinary current work of the Survey much additional labour has been 
undertaken in furnishing brief notices or sketches of different districts or provinces for district 
officers, and lately more especially l'or the officers charged with the editing of the several 
Gazetteers now in preparation. These notices are necessarily required to he brief, but the 
briefer they are. the more time and trouble they cost. I have further undertaken to continue 
to supply these notices from time to time, not only for Bengal, hut for other parts of the 
country. Copies of geological maps, and sketch geological maps have also been given to 
several public authorities and others, who have been interested either in investigations con¬ 
nected with the mineral resources of the country, or for sanitary purposes. Of the value 
and utility of these maps, we have received cordial acknowledgments from all. 

Library.—During the year just past, 883 volumes or parts of volumes have been 
added to our library. Of this number 393 were presented by other institutions or 
societies, or were received in exchange for the publications of the Geological Survey. A full 
list, as already mentioned, is given of the additions every three months in the Records. As 
usual a list is here appended showing all the societies or public institutions from which 
donations or exchanges have been received during the year 1869. 

_ As with the collections, so also with our books, maps, we are most seriously incon¬ 
venienced by the very limited space available for their exhibition or preservation—a difficulty 
which there is at the present no means of obviating. 

Museum.—So far as there has been any room, additions have constantly been made to 
the collections exhibited in the Museum; and all practicable means are adopted to prepare 
other series for* exhibition, whenever it may he possible to accomplish this. More than 
30,000 specimens have passed through the Curator’s and Assistant Curator's hands, and have 
been entered and catalogued for reference during the year. But many of these had to be 
packed up again, there being no place to keep them otherwise. Cases have been procured as 
quickly as possible for the additional rooms noticed in last year’s report, hut they are not all 
ready yet. 



10 Records of the Geological Survey of India. [vol. III. 

Meteorites.—Our noble collection of Meteorites maintains its excellence. During the 
twelve months past, we have had additions of a good specimen of the Khetree fall (February 
1867), for which we are indebted to Mr. D. Waldie of Calcutta, and specimens of the 
Ornans fall (July 1868); of that which occurred at Sclavetifi in Croatia (May 1868); and 
of the mass which fell at Ivrahenberg, near Zweibriieken (May 1869). For the last three 
we are indebted to Dr. Tschermak of the Imperial Mineral Cabinet at Vienna, 

As customary, an Index map, on a small scale, is appended, showing roughly the present 
state of progress of the Survey; as also a list of those societies or public institutions from 
which we have received publications, during the twelve months, in exchange for those of the 
Geological Survey of India. 

T. Oldham, 

Camp, Chanda District, ") Supdt. of Geol. Survey of India and 
January 3rd, 1870. j Director of Geol. Museum, Calcutta. 

List of Societies and other Public Institutions, &c., from which publications have been 

received in donation or exchange for the Library of the Geological Survey of India 

during the year 1869. 

Belgium.—Academic Royale des Sciences, Bruxelles. 
Berlin.—Academy of Science. 

„ Deutsche Gcologische Gesellschaft. 
Bombay.—Geographical Society. 
Boston.—Society of Natural History. 

„ Museum of comparative Zoology. 
Breslau.—Sehlerische Gesellschaft fur vaterlsendische Cultur. 
Calcutta.—Asiatic Society of Bengal. 

„ Agri-Horticultural Society. 
„ Indian Annals of Medical Science. 

Cornwall.—Royal Geological Society. 
Dresden.—Naturwiss. Gesellschaft, Isis. 
Dublin.—Royal Society. 

,, Royal Geological Society. 
EdinbuegH.—Royal Society. 
Gottingen.—Kouigl. Gesellschaft der Wissenschaften. 
Halle.—Natural History Society. 
Jubbulpore.—Government School of Industry. 
Lausanne.—Soeietd Yaudoiso des Sciences Naturelles. 
London.—Royal Geographical Society'. 

„ Royal Society. 
„ Royal Asiatic Society of Great Britain and Ireland, 
„ Geological Society'. 
„ Geological Survey of Great Britain and Ireland. 
„ Society' of Alts. 

Madrid.—Royal Society. 
Manchester.-—Literary and Philosophical Society. 
Moscow'.—Societe Tmperialc des Naturalistes, 
Norway.—Royal University of Christiania. 
Palermo.—Scienze Naturah cd Economiche. 
Paris.—Academy of Sciences. 

„ Comm, des Annales des Mines. 
„ Societe Geologique de Prance. 

Philadelphia.—American Philosophical Society. 
„ Franklin Institute. 

Rooekee.—Thomason College of Civil Engineering, 
Salem.—Essex Institute. 
Toronto.—Canadian Institute. 
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Turin.—Royal Academy of Sciences. 
Victoria.—Royal Society. 

„ Philosophical Institute. 
„ Govt. Geological Survey of Victoria. 

Vienna.—Kais. Akad. der Wissenschaften. 
„ K. K. Geologische Reichs-Anstalt. 

Washington.—Smithsonian Institute. 

Governments of India, Madras. Bombay, Bengal, N. W. Provinces, Punjab; Chief Commis¬ 
sioners, Oude, Central Provinces, British Burmah. 

Notes on the Geology of the neighbourhood of Madras,—by R. Bruce Foote, Esq., 

F. G. S., Geological Survey of India. 

The greater part of the Madras district lying north of the Palar river and south of the 
Pulicat lake is occupied by rocks of the secondary, tertiary, and recent ages, the remainder 
of the area being taken up by metamorphic rocks forming part of the great gneissic series 
of Souther* India. 

The topographical features of this part of the Carnatic are very simple, the ground 
rising from the coast westward up to the foot of the Eastern ghats and their outliers, in a 
very gradually inclined plane which I will call the Madras area. The surface of this plana 
is varied only by the shallow valleys of the Narnaveram, Cortelliar, and Palar rivers, the 
latter forming the southern boundary of the tract of country now under consideration. In 
the north-western part of the district the inclined plane is broken by two groups of hills, 
the Sattavedu and Alicoor hills, to the west and north-west of which, but just beyond the 
boundary of the country now to be described, rise the Naggery mountains, which are lofty 
and conspicuous, but perfectly detached outliers of the Eastern ghats. The south-eastern 
corner of the inclined plane is dotted by a number of low, but picturesque, ridgy gneiss hills. 

The northern, central, and south-western parts of the Madras area are occupied by the 
stratified rocks, roughly speaking, the southern and south-eastern parts by the metamorphic 
rocks, a narrow belt of which must be included all round the western boundary of the 
area of the stratified rocks. 

Classification of the Rocks. 

The following tabular statement illustrates the various groups into which the rocks of 
the Madras area have been classified t— 

( Blown sands. 
Recent or quaternary ... -< Alluvium, marine, and fluviatile. 

(Laterite and Conjeveram gravels. 

Tertiary ... ... Gritty sandstones. ? Cuddalore sandstones. 

Secondary /(Cretaceous?) 
y ... ... ^Jurassic, Rajmahal plant beds. 

Submetamorphic ... Cuddapah group. 

Metamorphic ... ... Gneissic series. 

The Blown Hands.—Those sub-aerial deposits are of no great extent or importance, 
as they form merely a fringing ridge to the beach. To the south of Madras they are largest 
at, and to the south of, Covelong (Kovilam of the natives). North of Madras they attain 
their greatest height, between 40 and 50 feet, at a place called Chintamanikovil, where they 
have nearly covered up the Kovil (Hindu temple). 

The greatest width attained by this coast ridge may be about a mile, but it is generally 
much less, and the amount of drifting inland is not of any real importance, and easily 
stopped by plantations of suitable trees, e. g., Casuarinas, Palmyra palms, Screw pines, and 
Cashewnmt trees, all of which flourish near the coast. 

The alluvial formations.—These are of two classes, marine (including estuarine) and 
fluviatile, but they are nearly undist-inguishable in character, and at many points graduate 
into each other imperceptibly. 
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Their general character, as seen at the surface, is that of pure, or nearly pure, silicious 
sands, but beds of black, blue, or grey clay occur largely below the surface in the marine 
alluvium near Madras; these are, however, much less frequent in the fluviatile alluvium 
higher up the river valleys. The greatest depth to which the marine beds have been 
pierced by sinkings is 55 feet, when the gneiss was reached. In the marine and estuarine 
beds along the coast many of the clays are largely filled with shells, all of living species, hut 
in a sub-fossil condition. Such marine beds are known to extend two to three miles inland, 
but I could not ascertain whether they had been penetrated by any sinkings further inland. 

The river alluvia are of more interest than the marine, because they afford evidence of 
some remarkable changes within the human period in the courses of several of the principal 
rivers in the district. Lithologically, the fluviatile alluvia are of no interest, for they consist, 
as a rule, of nothing but coarse, gritty, loose, silicious sand. Gravels or clayey beds are rare, 
and organic remains are hardly ever met with, excepting a few Helices and fresh water 
shells, (all of liviug species), in thin beds of reddish loam. 

The changes in the course of the rivers above referred to are four in number, and concern 
three rivers, the Palar, the Conciliar, and the Naggery river, but I will only notice the two 
most important here. 

The Palar now flows into the sea 42 miles south of Madras, but it, or a large branch 
of it, formerly flowed down what is now the alluvial valley of the Cortelliar, and debouched 
into the sea, somewhere to the north of Madras, probably between Ennore and Pulicat. 
The present Cortelliar valley is very disproportionately large as compared with the river 
which runs through it in a rather deep channel. 

The present valley of the Palar is still more disproportionately small as compared 
with its river; the two alluvial valleys join, or rather diverge, at a place about 10 miles east 
of the town of Areot. A stream is even now connected with the Palar just at the fork 
by which water is still carried down the Cortelliar valley for many miles and eventually falls 
into that river. 

This stream is considered by the natives to be the old Palar and hears a Sanscrit name, 
Yridachara nuddee'or old milk river, the Tamil word Palar also signifying milk river. A 
Similar change, of course, has occurred to the Naggery river, which in former times fell into 
the Narnaveram river, close to the Itamaghiri mountain, atNagloperam. The Naggery river 
was diverted from its old course at a place about t wo miles east by south of the town of 
Naggery, and made, by the cutting of a channel about half a mile in length through 
gneissio rocks, to turn to the south-east instead of flowing due east and east by north and 
to fall into the Trittang river, which joins the Cortelliar a few miles further east. The 
broad alluvial valley which now runs between the Naggery mountain ridge and the Alicoor 
hills is in consequence of this change drained only by small streams and artificial channels. 

I could not obtain any information on this point from the enquiries I made on the spot, 
but from the appearance of the cut through the neck of gneissio rock above described, I think 
the change of the river course was the result of human agency. Like the alluvium of the 
Palar river the alluvia of the Naggery river (both in its old valley and along the newer 
channel as far as its junction with the Cortelliar) and of the Narnaveram river consist almost, 
entirely of coarse gritty sand ; clay beds are rare, but where met with are of black color and 
regur-like texture. All the rivers named appear to be still cutting their channels deeper and 
deeper every season. 

Lateritie formations.—The formations classed under the above heading are of three 
principal kinds, namely, clayey conglomerates, gravels, and sands which occur distributed over 
nearly' the whole of the area under consideration. 

Their occurrence is, however, not so much in continuous spreads as in detached patches, 
many of which are but of small size, though some occupy important areas from one hundred 
to two or nearly three hundred square miles in extent. 

These larger areas occupy, as a rule, the higher grounds lying between the different river 
valleys; the small patches occur at similar levels and are evidently outliers left by partial 
denudatory action by which the once continuous lateritie deposits have been thus broken up. 

The thickness of the laterit ie formations is very small when compared to their super¬ 
ficial extension. They7 rarely attain a thickness of 12 feet or upwards. 



PART 1 .] Geology of the neighbourhood of Madras. 13 

The three principal kinds of rock above enumerated which make up the bulk of the 
lateritic series, namely, clayey conglomerates, gravels, and sands, are found constantly 
graduating into each other in such a manner that they can only be regarded as parts of 
one and the same deposit, however various the appearance of the different members. 

In the Madras area, and to the north of Madras in the Nellore district, the character 
of the lateritic formations is considerably different from that of the representatives of the 
same series further south in Trichinopoly and South Arcot districts, the difference consisting 
in the much greater frequency of conglomerates and in the presence of large quantities of 
quartzite pebbles enclosed in the conglomerates. This peculiarity depends on the proximity 
of the quartzite rocks of the Cuddapah series, which attain their southernmost point in the 
Naggery mountains, and even more perhaps on the extensive destruction of the much 
younger conglomerates of the jurassic series which were mainly composed of pebbles and 
boulders of such quartzite and were of great thickness. The laterites of South Arcot, 
Trichinopoly, and Tan)ore, oh the contrary, do not, so far as known, contain any quartzite 
whatsoever, hut only fragments of gneissic rocks, and these hut very rarely. The nearer the 
laterite of the Madras area approaches to the Alicoor and Sattavedu hills, which are entirely 
composed of the coarse jurassic conglomerate above spoken of, the larger do the quartzite 
and other pebbles it encloses become. In some of the laterite sections indeed near those hills 
the conglomerate is so coarse that few of the enclosed pebbles are less in size than a man’s 
head, and many very much larger; some, indeed, though perfectly smooth and well rounded, 
of such size as to deserve the name of boulders. 

In such conglomerates the matrix of ferruginous clay iron stone is almost masked by 
the included masses. 

Near the sea, however, as at the Red Hills, a few miles north-west of Madras, the 
included quartzite pebbles are small and not numerous, and the conglomeratic character not 
everywhere visible. Where such is the case, the peculiar characteristics of typical laterite, 
namely, its ferruginous character, its permeation by tubular and vesicular cavities filled with 
pale colored sandy clay, and lastly, its hardening and becoming coated with a glaze when 
exposed to atmospheric influences, are seen to perfection. 

The laterite gravels frequently contain pebbles of quartzite and gneiss mixed with the 
pisiform ferruginous pellets in varying proportion according to their proximity or distance 
from the older quartzite yielding rocks. The sands associated with the lateritic conglomerates 
and gravels show considerable variety in texture and color, the latter depending on the per¬ 
centage of iron. They not unfrequently contain a large quantity of clay, and are then apt 
to cake and harden, but without the excessive Assuring noticeable in purer clays. These 
sandy beds are frequently found overlying the highly ferruginous beds and form to a great 
extent the soil of the laterite areas. 

The Conjeveram gravels.—In the south-western part of the Madras area the high 
grounds north-north-east, and north-west of Conjeveram are covered by a peculiar quartzite 
gravel formation occupying the same relative position as the true laterite further to the east 
and north, but distinguishable from it by the absence of ferruginous matter, and conse¬ 
quently by its pale color. This change in mineral character (supposing the Conjeveram 
gravels to belong to the laterite period) takes place a little westward of a line drawn from 
Wallajabbad due north to the alluvium of the Cortelliar valley, but unfortunately no section 
occurs showing the two formations in juxtaposition. 

Both have so far proved unfossiliferous as far as true organic remains are concerned, but 
both appear to contain implements of human manufacture in the shape of axes and spear 
heads made of chipped quartzite pebbles and of the same types as those occurring in the 
gravels of Western Europe. I have given the name of the famous old town of Conjeveram 
to this non-ferruginous gravel deposit, from its occurring, so far as I know, only within the 
Conjeveram taluq. 

CUDDALORE SANDSTONES. 

Underlying the lateritic formations in the northern part of the Madras district is a 
gritty sandstone of white or drab color sometimes slightly mottled with rusty spots. This 
sandstone, which is well exposed only in the cliffs on the south side of the Cortelliar river, 
six miles north-west by north of the Red Hills, bears a strong resemblance lithologically 
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to some parts of the Cuddalore sandstones as seen near Cuddalore, and like them appears 
completely unfossiliferous. In the Cortelliar cliffs the following section is exposed:— 

Lateritic conglomerate ... ... ... ... ... 3 to 4 feet. 
Mottled gritty sandstone ... -. ... ... 6 „ 
Quartzosc grit of buffy white and brown colors, becoming whiter and 

coarser grained downwards, very friable; beds divided by thin 
partings of Kunkur ... ... ... ... 30 to 40 „ 

The base of the section is unfortunately entirely obscured by fallen masses, or by the 
water which here remains in a deep pool at the foot of the cliffs. 

It is not known what underlies these beds, so they can only he provisionally regarded as 
representatives of the Cuddalore sandstones. The gritty sandstones west of Poonamallee 
which Mr. H. F. Blanford was disposed to refer to the same supra-cretaceous position have 
yielded a few fossils of unmistakeahly Rajmahal (jurassic) character. 

No representatives of the cretaceous group being as yet known to occur within the 
limited Madras area I pass on to review the different members of the 

Rajmahal oe Jueassic Rocks. 

Although occupying superficially a lesser area than the lateritic rocks, the Rajmahal 
beds are of infinitely greater geological importance and deserve considerable attention. 

Like the lateritic rocks, the Rajmahal beds are scattered about over the country in a 
number of detached areas and patches divided from each other by alluvial valleys or by 
bands of overlying lateritic strata that have escaped denudation. From this broken up 
condition of the formations addl'd to the absence of really good sections it is difficult and in 
some cases almost impossible satisfactorily to correlate the different formations occurring in 
several patches. 

For convenience sake it will he better to consider the several distinct patches in four 
groups, ignoring as much as possible the intervening covering formations of younger date. 
It is only in the three northern of these four areas that the base of the Rajmahal beds is 
seen, resting on the gneissic rocks along the foot of the western flanks of the Sattavedu and 
Alicoor hills and of "the low plateau east of the Areonum railway junction. 

In the Sripermatoor area the base of the series is nowhere seen owing to the great 
thickness of the surface deposits. Owing partly to the peculiar shape of the ground, but 
still more to the general softness of the rocks and to the consequent enormous accumulations 
of debris covering the surface, no section exists showing the true relations of more than small 
portions of the Rajmahal series, which renders any stratigraphical sub-division of the entire 
series very difficult and uncertain. A provisional sub-division into two groups has, however, 
been proposed, based mainly on lithological differences. 

To one group consisting of coarse well consolidated conglomerates and sandstones the 
name of Sattavedu group lias been given, from the fact of these beds having been first 
studied-by my colleague, Mr. King-, in the Sattavedu hills. 

The other group, consisting of shales, clays, and gritty sandstones and unconsolidated 
conglomerates, we have called the Sripermatoor group, from its most important members 
occurring under and around the town of Sripermatoor. 

The SatUiredu Group.— In the Sattavedu area the entire series of rocks met with 
consists of alternate hands of conglomerates and sandstones many hundred feet thick. These 
beds extend southward into the Alicoor hills area (under the valley of the Narnaveram river) 
and form the eastern and loftier half of the hill group. The entire eastern base of both the 
hill groups is covered up by lateritic conglomerates and sand, by which any extension to the 
east of this series is completely masked. 

The chief petrological character of the members of this series is the prodigious coarseness 
of the conglomerates which are made up of large well rounded smooth pebbles of quartzite with 
a small number of similarly waterworn masses of granitoid gneiss firmly cemented together 
by a varying cement which is sometimes argillo-ferruginous, ferrugino-arenaceous, or silicio- 
calcareoiis. In some of the sandstone beds in the Sattavedu hills Mr. King discovered the 
few plant remains, amongst which was part of a recognizable Dictyopteris frond, proving the 
true Rajmahal character of the beds which contained it. In the southern extension of the 
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same beds in the Alicoor hills no fossils were found. The sandstones are mostly rather gritty 
in texture and only occasionally sufficiently compact to be useful as building stones. 

Sripermatoor Group.—Appai'ently underlying these Sattavedu beds in perfect con¬ 
formity are certain conglomerates, gritty clays and shales which form the western and southern 
parts of the Alicoor hills, and which differ from the beds of the Sattavedu series in being soft 
and quite uncompacted and of white or grey instead of brown and reddish colors. Even 
the coarsest conglomerate beds at and near the base of the series are soft, the pebbles and 
boulders of quartzite and gneiss, instead of being bound together by some firm cementing 
material, merely lie imbedded in a very friable, more or less clayey, grit consisting of quartzose 
debris derived from the gneissic rocks. Flanks of the hills consisting of these uncon¬ 
solidated rocks are deeply covered by debris which is cut through by only a few rain-gullies of 
recent origin, and it is these only which afford sections of the undisturbed rocks. Many of 
the gullies, however, do not even cut through the thick coating of debris and rain wash. No 
section was found showing these unconsolidated beds in contact with the consolidated 
Sattavedu beds where they approach each other in the centre of the Alicoor hill group, but as 
far as the rounded outlines of the hills at that point serve to guide the eye there is an 
undoubted dip of the softer beds under the hard conglomerates of the Sattavedu series. No 
sign of any fault between the two series could be traced, but a fault might well exist and yet be 
perfectly masked by talus and debris. The nearest visible point of approach of the two series 
is a short narrow east and west ridge abutting at right angles against the hard basement-con¬ 
glomerate bed of the Sattavedu series, which bed here forms a prominent north and south 
ridge, succeeded to the eastward by several other ridges, corresponding to as many great con¬ 
glomerate beds. The valleys running down north and south from the cross ridge above 
mentioned are the two principal valleys in the central mass of the hill group, and the depth 
to which they are excavated is due to the greater softness of the underlying beds as compared 
with the overlying series. The southern part of the Alicoor hills, called by the natives the 
Naikenpolliam hills, is apparently' composed only of the unconsolidated beds which have trend¬ 
ed in the direction of their strike from north and south to west-north-west and east-south-east. 

The basement bed at the south-west of the Alicoor area near the village of Naiken¬ 
polliam contains included masses of conglomeratic quartzite of such tremendous size—800 
to 1,000 cubic feet in bulk—that they suggest the idea of their being the relics of the base¬ 
ment bed of the Cuddapah rocks, which are so splendidly represented about eight miles to the 
north-west in the tremendous cliffs of the Naggery ridge, parts of which have a vertical face 
of 1,000 feet high. 

Glacial agency being inadmissible in so southernly a latitude, except on exceedingly 
strong evidence, the only probable explanation remaining is the one above suggested, which 
derives great probability from the fact that, on a far smaller scale indeed, similar masses of 
gneiss are included in situ in the basement bed of the Rajmahal plant beds at Ootatoor and 
elsewhere in the Trichinopoly district. These great quartzite masses, it is true, are not seen 
to be resting on the gneiss surface, hut the latter can only be a few feet further down the 
slope. The inclusion of gneiss blocks in the basement bed of the Rajmahal series is to be 
seen only' a few miles to the south in the banks of the Naggery river at Chittapuram. 
Numerous plant remains of unquestionable Rajmahal species were found in the principal 
section at the south-west end of the Alicoor hills. Amongst these plant remains were parts 
of Tmniopteris, Dictyopteris, Palteozamia, and Pteropkyllum, and Poacites-like stalks. 

Unfortunately' from the friable nature of the clay bed in which they' occur the 
majority appear to have become unrecognizable in drying, though when freshly extracted from 
the matrix even the most delicate venations and nervures were plainly' visible. 

On the south side of the Naikenpolliam ridge the lower members only of the series 
appear to be represented; they consist of unconsolidated conglomerates of various degrees 
of coarseness, gritty sandstones and micaceous sandy shales, exposed in a few streams and 
a great many' well sections. 

The only section which yielded fossils was one on the north bank of the Naggery river 
opposite to Chittapuram, where two beds of rather friable sandstone were found to contain 
plant remains, amongst which fragments of Tmniopte.ris and Dictyopteris were identifiable. 

On the opposite side of the river in the Pyanoor area the same beds reappear, and are 
there seen to be very low down in the series, in fact only a few feet above the basement bed, 
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which here includes, or rather is deposited around and among, sundry large masses ot’ syeni- 
toid and gneissic rock. These sandstones with micaceous shales and sundry conglomerate 
beds of the usual unconsolidated type extend hence throughout the Pyanoor area, as proved 
by the numerous well sections, which everywhere pierce the superincumbent lateritic conglo¬ 
merate. 

The connection between the beds occurring in the Pyanoor area and those lying within 
the Sripermatoor area, 12 miles to the south-east, is not clear owing to the difference in 
petrological characters and to the insufficient evidence afforded by the organic remains. As 
far as the relative topographical position of the two areas affords any clue it is in favor of 
the beds of the Sripermatoor area, being simply an extension of those in the Pyanoor area, 
the difference in mineral character of the respective beds being probably due to the more 
littoral character of the Pyanoor beds as compared to the Sripermatoor beds, which though 
not to he considered as deep-sea deposits, yet appear to have been formed at considerable 
distance from the land of the period. This view is favored by the lithological character of 
a small series of Rajmahal beds exposed in a section lying about half way between the 
Pyanoor and Sripermatoor areas. 

The most important member of the series in the Sripermatoor area is a white shale, 
the plant bed par eminence, resting on whitish friable gritty sandstone, which is in all 
probability the basement bed over a great part of the area. In the southern part of the 
area there is another series of grey clays, reddish sandstones, and buff sandy shales, whose 
position with reference to the plant-shale could not bo ascertained in the absence of any 
section showing the two series. 

The area occupied by the plant-shales is, roughly speaking, a rectangular basin about eight 
miles long from north to south by four from east to west, formed by the junction of several 
shallow valleys sloping very gently eastward. Several low hills rise out of the basin and are 
capped with 'laterite. The town of Sripermatoor stands in the north-west corner of the. 
basin, which is surrounded by rising ground, the edge of which is here and there slightly 
scarped. To the south-east, however, a mere roll of the ground occurs much obscured by 
surface soil, and beyond this the grey clays appear. The plant-shales are apparently con¬ 
tinuous all over the basin-like area, and appear to form only one bed which rolls about very 
slightly at low angles, or is horizontal. The shale is white, pale-grey, or buffy-drab in 
color, with in one or two places a little reddish or purplish mottling. The plant remains 
occur scattered through the mass in a fragmentary condition, as if they had been torn off 
by stormy winds and then drifted out to sea. In many places they are mixed up with 
remains of marine animals, e. g., at Amarambode and Yalerie. 

The richest collections of fossils were made in the north-east corner of the basin where 
the two sections above named yielded specimens of nearly every species in the Rajmahal 
beds of the Madras area. In the western part of the basin animal remains wore rarely found, 
indeed plants were everywhere more frequent than animal remains. Of the plants several 
species have been recognized as identical with species from the Rajmahal beds of Bengal 
and Cutch. These are Palceozamia Cutctiensw and aeutifulium and a Dictyopteris. The 
following genera of plants appear also to be represented among the specimens collected by 
mvself:°Tax<tdites (?), Pterophyllum, Taniopterix. Stangerites, Pecopteris, Lycopodium (?), 
Poaeites, and parts of exogenous stems perfectly silieified. 

The animal remains which I discovered and collected included a considerable number of 
bivalve shells which, according to Dr. Stoliczka, belong to the genera “ Leda, Y>ldia, Tellina, 
Psammobia, Lima, Peetrn, 4"c„ all forms with a remarkably thin shell, and the allies of 
which are usually found living on sandy ground in from eight to ten fathoms ot water. 
Several exhibit a resemblance to species from the cretaceous rocks of Trichinopoly, but none 
appear to be specifically identical”.* 

Besides the above were several small Ammonites referred by Dr. Stoliczka to the 
«Dentati" group (but unfortunately not sufficiently well preserved for specific identification); 
one a singular conical chambered shell, (? a phragmoeone) of apparently cephalopodous origin, 

and some fish scales. 

* See * General results from an examination of the Gastropodons fauna of the South Indian Cretaceous deposits, 
hy Ferd. Stoliczka, Ph D., F. G. S., Palaeontologist, Geological Survey of India, page 59, in Voi. I of Records, 

Geological Survey of India. 



PART 1.] Alluvial deposits of the Irawadi, Sfe. 17 

Reference has already been made to the different lithological character of the rocks 
occurring in the southern part of the Sripermatoor area and to the absence of sections 
by which to determine the relationship of the two sets of beds. The series of beds here 
met with consists of white, grey-buff and black sandy clays, and brown, buff, reddish-purple 
and white gritty sandstones. One of the pale-buff sandy clays contains remains of 
Paheozamia and Stanflerites. None of the sections show the base of the series. Prom 
its topographical position and petrological character 1 am inclined to think that this series 
Underlies the great “plant-shale” bed. 

Of very similar character and probably occupying the same relations to the “ plant- 
shales” is a series of gritty sandstones and shales exposed in a fine section made by an 
artificial channel running into the great Chumbrumbaucum tank on its north side. As 
this section lies two miies outside of the Sripermatoor area and the intervening space is 
obscured by the laterite, the position of the series here seen relatively to the “plant-shales” 
can only be guessed at. The Rajmahal character of these beds is proved by the finding of a 
fragment of a Dictyopteris in one of the lower beds of shaley sandstone. 

To the south-west of the Sripermatoor area the Rajmahal series appears to extend to 
some four miles beyond Conjeveram, for shaley and sandy beds of precisely similar character 
underlying the Conjeveram gravels are to he seen in several well sections. The most westerly 
point at which unquestionably Rajmahal plant remains were found was one mile to the south¬ 
west of Rajah’s Choultry. 

In conclusion I may point out that these Rajmahal beds of the Madras area contrast in 
several respects with those of Bengal and Cutch. The Madras Jurassic, or Rajmahal, beds 
contain no carbonaceous matter, which in their equivalents in other parts of India occurs so 
largely as to form coal seams. Nothing but silicified wood has been found in the Madras beds, 
and unlike the Bengal beds, in the Rajmahal hills, with their great intercalated trap flows and 
the Cutch beds, which are overlaid by trap flows of tertiary age, the Madras series is nowhere 
penetrated by, or overlaid by, igneous rocks of any kind, nor in the least, degree metamorphosed. 
Another contrast, hut of less importance, is, that unlike the Cutch beds, which are often of gay 
and bright colors, the Madras beds are remarkable for the dullness and sobriety of their 
coloring, a remark which applies also to their representatives in the Trichinopoly and 
Nellore districts. 

The Sttbmetamoephic and Metamoephic Rocks. 

These demand hardly any notice in this place. The younger or sub-metamorphic series— 
the Kuddapah group—does not come within the area treated of, except in one, and that possibly 
a doubtful case (see page 11). The metamorphic rock series—the gneiss of Southern India— 
also presents little of interest locally; near the coast it consists of alternating hands of 
quartzo-felspathic and hornblendic beds which run to some extent parallel with the coast line. 
Further inland to the westward of the laterite and Rajmahal areas, the gneiss is more 
highly crystalline and largely granitoid or syenitoid in structure, and is traversed by a few 
trap dykes intruded prior to the deposition of even the Kuddapah rocks. 

On the alluvial deposits of the Ikawadi, moee pauticulably as contrasted with 

those of the Ganges,—by W.u. Theobald, Junb., Esq., Geol. Survey of India. 

It may fairly be presumed that the origin and growth of those extended alluvial 
deposits, forming the plains through which the more important rivers, oarve their way to 
the sea, were, in each several case, vei’y similar, and that the history of the deposition of the 
“loess” of the Mississippi valley was but little different from that of the “ loess” of the 
Rhine. Each river system of course has its particular history, recorded in the alluvial 
deposits of its basin, which, in some cases, afford a simple, in others an intricate, record of the 
geological vicissitudes the area has undergone, and in tracing this record we are not un- 
frequently brought in contact with problems far more intricate and extensive in their 
hearing, than the apparently uninteresting character of the beds would suggest, and we have 
here in India in the “loess” of our larger river basins, the same phenomena to account for 
which have so exercised the ingenuity of Geologists in the Case of the “ loess” of the Rhine 
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In every large river basin two distinct alluvial deposits will generally be met with, and this, 
though it may seem a somewhat obvious fact to lay much stress on, has nevertheless been 
overlooked in some instances, where its admission was necessary for the true explanation of' 
the geology of the district. One such instance is afforded in Mr. Fergusson’s paper in the 
Quart. Geol. Jour., Vol. XIX, 1863, where the author, from not properly grasping this fact, is 
betrayed into advocating a theory of elevation of the beds supporting the “ Madliopore 
jungle” which he never would have been, had he rightly comprehended that he was dealing 
not with one, but with two groups of alluvial beds unconformable with each other. The 

older of these groups may be either TacStffini. or °* a m'xe<l an(l alternating cha¬ 

racter, but the newer group is essentially fluvio-lacustrine, and directly produced by the 
existing river, albeit at one time, under surface conditions widely different from those now 
existing; the former of these groups I shall speak of as the older alluvium; the latter, as 
the “newer” or “Gangetie” or “Irawadi” alluvium, as the case may be. One essential 
distinction between these two groups, apart from mere stratigraphical differences, is, that whilst 
no very considerable thickness of the newer group can anywhere have been deposited, 
without a corresponding subsidence below of the area so raised at top, a very large accumula¬ 
tion of the older or estuary beds may have taken place, during an elevation of the area 
covered by them. 

Under one of three conditions, every river discharges its waters into the sea, namely, 
within an area of either subsidence, quiescence, or elevation, and how largely, not only the 
character of the deposits of a large river are influenced by the prevailing conditions at the 
time of their formation, but the physical peculiarities no less of the delta itself, I shall 
endeavour to illustrate by the Irawadi, and the contrast which its delta presents to that of 
its sister stream, the Ganges—as these two rivers, the Ganges and Irawadi, happily furnish 
us with examples of rivers subjected to respectively the first and last named conditions. 

In the Ganges valley the development of the newer or Gangetie alluvium properly 
so called (or as I would propose to restrict the term) is very considerable, and its relation 
and junction with the older deposits usually well defined. In the upper part of the valley 
it is more or less restricted to the immediate neighbourhood of the river and to the narrow 
limits within which the river alters its channel, but it at once spreads out on either bank 
over a vastly broader area than before, so soon as we descend below the confluence, on their 
respective hanks, of the Gandak and Son; the newer deposit assuming, cast of those rivers, 
much of the importance, as far as area goes, which the older group claimed to the west. 
On the north of the Ganges, in the meridian of Purneali, the newer group is thirty miles 
broad, which corroborates a native tradition, that that city once stood on the Ganges.* 

Eastward from Purneah. in the direction of Rajshaieand Pubua, the newer deposits spread 
over a wide tract of low-lying country, the older clay being, however, often but a few feet below 
the surface, and exposed in the beds of tanks or other artificial sections. Where this clay 
arises from beneath the newer group, we often find it (if not usually) presenting a clearly 
defined boundary, giving rise to an elevated tract of country, which offers a complete contrast 
to the low-lying inundated land occupied by the newer alluvium—as an instance of which, 
I may quote the narrow strip of clay country which runs down through the newer group, 
and strikes the Gauges above the station of Kampore Beauliah, near Burgatchee. South 
of the Ganges, all round the Rajmahal hills, the boundary of the two groups is more 
intricate, and in some of the railway embankments a curious contrast is afforded by the 
difference in color of the clays belonging to different groups of which the embankment is 
composed, the earth at one end derived from a patch of old kunker clay being a bright, 
reddish yellow, whilst at the other, it assumes a pitchy hue, from being taken from a bed of 
the newer deposit , dark-colored from the accident of its forming part of the dried up bed of a 

* It, is possible thai this cationite may require to be enlarged, bu* after examining the ground, I con¬ 
cluded that the sandy beds uorth of Purneah pertained to the older rather than the newer group. Though near 
Purneah very flat and low, they rise and undulate considerably as we approach the hills, and include pebbles 
gradually increasing in size a* we go north (or towards the hills). The gradient of the ground, too, after passing 
Purneah, is at once doubled, going north, that of the thirty miles between Purneah and the Ganges being uniform, so 
that I think there arc substantial grounds for holding the view I have given The junction is, it is true, confessedly 
obscure, but this is the result of th*> sandy nature of the surface beds of the older group, which readily commingle 
and fuse, so to speak, with the newer deposits, the important fact of the gradient doubling along this line not being 
cognizable to the eye, nut where tlio hunker clay of the older group is juxtaposed to the sands and silts ot the 
newer alluvium the case is different and little ambiguity results. 
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marsh close under the hills (trap) in which spots the soil often hears no inconsiderable 
resemblance to the “Rcgur”* or dark “ cotton soil” so extensively spread over Central and 
Western India. 

If we follow the river by its most direct course to the sea down the Bhagirathi we see 
the last of the older deposit or “ hunker” clay in the steep bluff of Rangamatia (“ stained 
earth”) over 100 miles as the crow flies above Calcutta. 

Below this to the sea all is Gangetic alluvium, which at Fort William, as revealed to us 
by the boring operations for an artesian well, is about 70 feet in thickness, resting on the 
denuded surface of the kunker clay, which is clearly indicated by the “ rolled hunker pebbles” 
strewn over it, and intersected at that depth by the bore. To consider, however, the older 
deposit, merely in its aspect as regards the Gangetic basin, excavated in it, is to neglect a 
great and important parz of its history, that is, the entire period dining which the great 
thickness of beds under Fort William, revealed by boring, of which it constitutes the highest 
member, were being deposited. It is here we require to bear in mind the difference I 
have insisted on, between the Gangetic group proper and this older group, for there 
appear to me to be no such cogent reasons why we should consider these beds as 
“ Gangetic" deposits involving thereby a depression of several hundred feet, when it 
seems a simpler solution equally supported by the facts of the case to regard them as estuary 
deposits accumulated during an upward movement of the land. The fragmentary condition 
of the matters brought up by the boring rod prevents any great weight attaching to the 
mere presence of lacustrine shells and carbonaceous matters at a great depth, as the enormous 
quantity of wood, vegetable trash and lacustrine shells, swept out to sea, from a tropical 
shore and forming in places matted rafts, must be quite adequate to leaving a lasting record 
in the marine strata formed in times past, no less than in those now forming in the Bay. It 
will hardly he contested that at no very remote period the sea bathed the southern slopes of 
the Himalayas and stretched from the Bay of Bengal to the Persian Gulf, and to this period 
during a rise of the land, and long prior to the very existence of the present Gangetic valley 
or drainage system, would I refer these deep-seated beds, one of the highest of which is the 
“ kunker ” clay which it has been the custom hitherto to regard as a Gangetic deposit. It 
may he so ; hut I have always held it to he marine on grounds quite independent of those 
suggested by the Fort William bore. 

I do not, however, wish to affirm that this kunker clay which in lower Bengal I regard 

as mtua may not elsewhere prove to exhibit fluviatile characteristics, since in the upper part 

of the Ganges valley, say above Chunar, beds intimately connected with it, certainly afford 
fluviatile indications, and such variability is to be looked for in a deposit accumulated under 
such conditions as I have surmised; for supposing an equable elevation to take place over 
the whole area, still the accumulation of the coarser beds near the centres of supply of sedi¬ 
mentary matter, will be more rapid than that of the more remote, and they will consequently 
begin first to exhibit marks of fluviatile action as the sea or estuary shoals, whilst no such 
indications will be afforded by the others deposited in deeper water, and this appears to me a 
natural explanation of the fact of fluviatile beds occurring in the central and upper portion of 
the Ganges vallej', in intimate connexion with the kunkery clay which itself nowhere exhi¬ 
bits any similar indications. 

The reason, apart from any other considerations, which has mainly induced me to regard 

the old kunker clay, of lower Bengal at least, as a estuyry deposit, is finding it high up on the 

flanks of Patarghatta hill, which rises somewhat abruptly from the alluvial plains close to 
the river, some few miles above Rajmahal. At the time of my visit, the clay was being 
worked in this position for lime, the kilns being placed near the foot of the hill for the con¬ 
venience of “ tipping” the “ kunker” clay down to them. The occurrence of the clay at this 

* An opinion 1 onco expressed regarding the probable derivation of t.ho “Regw“ from the destruction of 
decaying trap rooks, or some crystalline rookB of similar composition, received curious confirmation daring my exa¬ 
mination of Kast.om I’rome. 1 there heard repeatedly mentioned a certain hill of “black earth’’ which the Burmese 
described as forming a curious and isolated feature in the district. Nothing like “Kegur” had ever occurred to 
me, nor were there to my knowledge any rooks in the district, oxccpt miocenc sands and days, whieh did not seem 
likely to present the appearance described, on reaching the locality, however, X found not one only, but three 
isolated patches, or three separate hill tops of black earth, in every respect a veritable Rcgur, being the decom¬ 
posed surface soil of what 1 at first regarded aB a trap cap to the hill, hut which the last examined locality conv incod 
me was a bedded trap ash, subordinate to the beds including it, aud which happened to form tile summit of the three 
hills capped by the ” black eanli ’ m question. 
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high level far above that attained by the rest of the bed in the neighbourhood can only be 
accounted for by one of three suppositions, either that it is a capping of clay carried up en 
masse by the hill whilst being protruded up through the alluvial group surrounding it, a 
supposition too unsupported by evidence to merit farther examination; or that it represents 
a remnant of a once continuous bed of like character, which once continuously stretched 
across and occupied to a coi’responding height, the country now forming the broad and low 
lying valley of the Ganges, to which also the like objection applies as to the last; or lastly it 
may have been originally deposited where we now see it on the hill side cotemporaneously 
with the rest of the bed, occupying the plains, when Patarghatta hill constituted a rock, 
submerged beneath the waters of that sea, which I have previously alluded to as at no dis¬ 
tant period occupying the plains of Bengal and upper India. 

Much stress should not perhaps be laid on the negative evidence of an entire absence of 
fossils in this clay, hut had it been formed by annual increments during Gangetic floods, it 
is not easy to understand how in such a homogeneous clay, and one so well adapted to pre¬ 
serve any mulluscous remains deposited in it, no shells are found, either such as occur so 
abundantly in river rejectamenta; or Uniones, for which it must have formed in places 
a congenial habitat. 

In the Ncrbudda valley a very similar clay occurs though at a higher level above the sea, 
and though shcdls are not common in it, yet such shells do occur in places, as are usually 
swept down into inundated tracts by river floods at present, as Bulimus pullus, Gray, Helhv 

Jallaciosa, Per. &e., as well as fine specimens of Uniones with valves united as in life, of 
species still living in the district (U. Indians, Sow., and a fine variety of U. cwruleus, Lea.) 

The above are my grounds for inclining to the belief in the origin of the older allu¬ 

vial clay, in lower Bengal at least, and I will close my remarks on it by briefly describing its 
character and appearance. Where heat seen, in some steep .section on the bank of the Ganges, 
it presents the appearance of a stiff homogeneous clay, of a mottled yellowish or pale huffish 
hue reddening much by exposure to the atmosphere. It contains a small amount of fine sand, 
the presence of which in the fields and watercourses of the newer group is an unfailing 
indication of an approach to the boundary of the older. Dispersed through it also are 
numerous small ferruginous concretions like shots, but no foreign body either in the shape of 
pebbles or organic remains*, have to my knowledge been found in it. In some parts, as in 
the colliery districts about Rauigunj, where older groups of rocks cut out the alluvial deposits, 
gravelly beds surcharged with pisolitic oxide of iron, varying from a ferruginous gravel 
(in its consolidated shape termed laterite) to a bed sufficiently pure and unmixed to 
constitute a workable ore, occur stmtigraphieally subordinate to this alluvial clay, but they 
are mere local developments, varying in character, and influenced most probably by the 
nature of the rocks constituting the neighbouring country. With the exception of these 
gravelly, ferruginous and lateritic beds, which locally constitute a sort of bottom or 
junction lied of this day, we have no knowledge of what it rests ou save the rather meagre 
information to be gathered from the Fort William bore, neither do we know with certainty 
its total thicknessf or if any beds superior to it in position have ever covered it, except, 
should my view of their relations be the correct one, the sandy beds which in Purneah and 
the adjoining Zillahs seem to overlie, or perhaps in part replace it; which ignorance arises 
from the very uniform elevation over its entire area of so thick and homogeneous a bed, and 
the general absence of artificial sections deep enough to pierce this. 

Disseminated throughout this clay occurs the well known kunlcer or “ gooting”, occa¬ 
sionally in well defined nodules but more commonly in irregular stringy courses, and often so 
intimately commingled with the argillaceous portion of the bed, that the clay is dug in bulk- 
tor the kilns. Where this bed forms the surface of the country the more argillaceous portions 
are washed out, leaving the hunker strings, sheets and nodules projecting, or forming on the 
surface a sparse crust of “ gooting” pebbles, and this is more observable in the upper portion 
of the valley than iu lower Bengal, where the clay seems less rich in lime than to the 
north-westward. £ 

* Bovine bones were found in a well near Patna, at 60 feet. T. Oldham. 

t Its thickness cannot be regarded as under 60 feet. 

t Sir Charles Lyell, spe. king of the unchanged character of this clay (Principles. Vol. I, 429.) 1,000 miles north 
of Calcutta, doubtless inteLds the north-west, &c., above Calcutta following the course of the river. 
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I cannot here enter at length on the relation of either this clay with that (the identity 
of which I presume) of the Jumna valley, which has yielded the as yet undescribed “ Jumna 
fossils” (mammalian) or with the analogous fresh water deposit of the Nerbudda valley, 
so rich in mammalian remains, but will content myself with remarking that the difference of 
level between these two deposits is such, that the deposition of the one in a series of 
morasses fed by a sluggish river (which seems to answer the indications of the Nerbudda 
clay), might have gone on simultaneously with the accumulation in a shallow sea of the 
other of which the Rewah plateau in part formed the southern shore. 

Having dwelt at some length on the older alluvium of Bengal, I will now pass to the 
newer deposits, or Gangetie alluvium properly so called, which will require a much briefer 
notice than the last. The newer or Gangetie alluvium comprises a very varied series of beds, 
directly precipitated from the waters of the Ganges, or its tributaries. It is at once an extensive 
and important group deposited within the trough excavated by the Ganges in the older day, 
or filling up such low lying tracts as receive the flood waters of the Ganges during its annual 
inundations. It comprises some of the most fertile land in Bengal as in Tirhoot, which is 
styled the “ garden of India” where it is largely developed, as also in Purneah, Rajshaie, 
Maldah, and in all the Zillahs which ntervene between them and the sea. Its mineral 
character is very varied from a dark silty brown to a dazzling white sand, and in the sections 
of the deposit exposed in the banks of tie larger rivers we see nothing like the homogeneity 
of the older clay, but a succession of beds of different thickness and various composition, 
as is the normal condition of an unmixed fluviatile deposit. 

It loses something perhaps of its characteristic aspect, within the tideway where the 
presence of tidal waters, and tidal mud, makes itself felt, but with the exception of the belt 
of country within the limits of the present tideway, it is essentially a typical river-deposit. 
About Calcutta however, though its aspect is somewhat altered by the influence of the tides, 

it must still be ranked as a deposit, as it contains several beds of peat clearly a marsh 

accumulation and sufficient to stamp its character and origin. I am aware that at Calcutta, 
and doubtless elsewhere within the tidal zone, oyster shells have been found and other relics 
pointing to marine conditions, as soondrie wood in site of growth, a tree which only flourishes 
on land overflowed by the sea, but we must presume that this deposit during the whole 
period of its growth, of over 60 feet at Calcutta must have been every where traversed by 
deep tidal creeks on the banks of which the soondrie tree flourished and in whose quiet depths 
oysters and other marine organisms lived, and the bore at Fort William leaves small doubt 
that since the epoch when the underlying older clay had been sufficiently elevated to form a 
tract capable of supporting vegetation, a contrary movement of depression has been going 
on at a rate which permits the accession of Cangetic sediment at top adequately to counter¬ 
balance the subsidence simultaneously going on below. 

Let us now compare with the alluvial groups in the Ganges valley as sketched above, the 
similar deposits which occur in the valley of the Irawadi, prefacing the subject with a few 
remarks on the physical character of the country which presents some features peculiar to it, 
resulting from the geological structure of the delta. 

The delta of the Trawadi is embraced between the Myit-ma-kha Choung, on the east, 
which, under the name of the Rangoon river, falls into the sea below that town; and the 
Bassein river on the west, which is given off as a small stream from the main river near the 
village of Thambyadeing, and enters the sea near Negrais Island; Elephant and Poorian 
Points which respectively mark the entrances of these rivers being 137 miles apart as the 
crow Hies. The Bassein river forms naturally the most westerly arm of the Irawadi, though 
at its origin its size is inconsiderable; but the Myit-ma-klia Choung rises near the town of 
Prome, and running parallel with that stream first receives the surplus waters of the Irawadi, 
when flooded by channels which anastomose with it, opposite and below the village of 
Pouktein, 45 miles above the origin of the Bassein river; Menghee, situated between 
these two points, may therefore he fairly taken in our calculations as the head or apex of the 
Irawadi delta; on which supposition, as the distance from Menghee and Elephant and Poorian 
Points is respectively 12'J and 176 miles, the area of the entire delta is about 12,000 square 
miles. By an independent calculation, I estimate the area of alluvial deposits within the 
delta at 11,000 square miles, as some groups older thau alluvial occur within the delta, but 
no exact calculation can be made from the want of any, save an arbitrary boundary, of them 
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to the eastward, where they creep round along the Gulf of Martaban, and blend with the 
deposits of the Sittang valley. Proportioned thus regularly as the Irawadi delta is, as 
regards contour, with its three sides respectively 129, 137, and 176 miles long, it may not 
at once seem obvious how Mr. W. Blanfbrd, in speaking of it, called it “ a less perfect delta’’ 
than that of the Ganges, I shall, however, endeavour to show wherein it differs essentially 
from such delta of the Ganges, not in form, hut in respect to its composition and history. 

The most striking feature connected with it, is not its mere flatness, which is naturally 
to he looked for in such an area, hut its extremely low level. No definite assertion can of 
course be made, but I think I am well within the mark when I say that 2,000 square miles 
of this tract must be below the level of a high spring tide and fully as much more not 
raised more than a foot or so higher. Passing through any of the creeks when a spring 
tide is at its height, the water is seen pouring inland up every channel and watercourse, and 
diffusing itself over both fields and uncultivated ground, and the conviction produced is, that 
a permanent submergence of a considerable tract within the delta would be the result of the 
water beiuf maintained at the full height of the springs for any considerable period ; as it 
is, however, in the course of an hour or so, the tide falls and the flooded land relieves itself 
through the usual channels. This extremely flat character of the country may be surmised 
from a mere inspection of the map, from the numerous lakes or “ Engs” as they are called, 
scattered all over lower Pegu, and from the anastomosing and often tortuous character of 
even the largest river channels. 

For instance, a little below the important town of Nyoung-don the Irawadi divides into 
two nearly equal branches, each possessing the dimensions of a first class river, one branch 
flowing south and discharging itself by the Oalla mouth, whilst the more westerly branch 
enters the sea by the Irawadi mouth. Twenty-five miles as the crow flies below the point 
of bifurcation of the two streams, is the small village of Tan-ta-lop Kyoung, to which I shall 
hereafter refer, but following the bank of the former branch or Dalla river on which it is 
situated, the distance is raised to 45 miles or nearly double. From the same point of bifurca¬ 
tion, at the same distance as the crow flies of 25 miles, on the other branch or Irawadi river 
is the important town of Shuay-loung; the distance to which, following the river bank, is 

42 miles nearly. 

Still more tortuous is the Daga river in some parts, which constitutes the most westerly 
channel of the Irawadi within the delta, and which, though a far narrower river than either 
of those above mentioned, maintains a deep and permanent channel. From the village of 
Shekhabyeng to the point of discharge of the Daga lake, is, as the crow flies, 18 miles, but 
measured along the river bank the distance actually exceeds 55 miles, which will give a 
notion of the extremely level character of the country it traverses—which character is not 
confined to the delta merely, but marks more or less all lower Pegu, save in the vicinity of 

the hills. 

Such beinw the surface, character, and conditions of the delta we might not unreasonably 
be led to expect within it a great development of the newer or Irawadi alluvium, but so far 
from this being the case, the country is almost entirely composed of the older group to the 
almost total supersession of the newer. This will be most forcibly realised from the state¬ 
ment that the entire area (excluding the actual river channel) occupied by the newer or 
Irawadi alluvium in the valley, amounts to but 200 square miles, of which 60 miles is made 
up of scattered patches adjoining the river, all lying above the bifurcation of the Dalla and 
(Pantauau) Irawadi rivers, whilst the remaining 140 square miles constitute an isolated tract 
or oasis of recent deposits, below Pantanau, which seem to occupy an original trough or 
depression in the surface of the older group. From this it will be apparent, that with great 
similarity of surface conditions between the deltas of the Ganges and Irawadi, great dissimi¬ 
larity exists touching their geological constitution, the newer group of alluvial deposits so 
largely developed in the former being, so to speak, absent in the latter. The cause of this, 
briefly stated, is the fact that the delta of the Irawadi at this present time is in precisely the 
condition of the delta of the Ganges at, the time when the first layers of Gangetic alluvium, 
70 feet below the present surface at Calcutta, were being deposited, and when through the 
single or joint action of deposition and elevation, the older marine group had become suffi¬ 
ciently raised to admit the deposition of beds stamped with a fluviatile and terrestrial character, 
and even the accumulation of such matters as peat, to permit of which the newly raised land 
must have been at least as high above the sea, as the better raised portions of the Irawadi 
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delta; since then a steady downward movement of the Gangetic delta has permitted the 
enormous accumulations of newer or Gangetic alluvium which covers so large an area in 
Bengal, whilst the future can alone disclose if any similar movement of depression will ever 
permit a corresponding accumulation of Irawadi alluvium in the delta in Pegu. That no 
such movement has taken place hitherto is clear from the absence of the newer deposits 
which would have originated in consequence of it, and moreover the proofs of a general 
elevation are, as I shall show, sufficiently clear and undeniable. 

Let us now consider how far the surface conditions which obtain in lower Pegu 
correspond with the supposition above advocated, of a somewhat recent elevation of the country 
from the sea (including, in the term elevation, the accessory agent of silting up), which, he 
the area rising or sinking, is always going on in so shallow and protected an estuary as 
the head of the Gulf of Martaban. The appearance of the bed of such an estuary as 
that in question, would, on its first elevation above the sea, he that of a dead level regarded 
as a whole—merely furrowed here and there by such channels as the drainage action of the 
retreating waters would inevitably carve out in a plain of soft easilv-removable matter. An 
exception to this dead level character might here and there exist either in the shape of banks 
of sand or other accumulations produced by currents; or depressions in the general surface 
produced either by the locally increased set of currents preventing the deposition of sediment 
or their absence altogether checking the delivery over particular localities of even the finer 
sedimentary particles. If we endeavour to follow the history of these suppositions de¬ 
pressions subsequent to their permanent elevation, and conversion into dry land, we shall 
thereby obtain a clue to the origin of the most prominent features at present of the Irawadi 
delta, viz., the presence throughout it of innumerable small “ engs” or lakes, the occurrence 
of some of different character, such as the Daga lake, and the existence of the curious 
isolated tract of newer alluvium, lying south of Pantanau. It is clear that in such a case 
as that supposed above, one of three results must happen to any depressions which the 
newly elevated surface may present. If the depressions are of small extent and of a shallow 
character, they will be converted into small lakes or “ engs” in the rainy season, and he 
more or less dried up and converted into grassy plains, such as are commonly seen in Pegu, 
with a swampy navel perhaps in the centre, during the dry season. If the depression is of 
larger dimensions, or receives a larger supply of water than evaporation can dispose of, it 
drains itself naturally into the nearest or most accessible drainage channel in the country, 
and this appears to be the case of the Daga lake. 

Should again the depression he extensive, and, as its existence might he held to render 
probable, it should he intersected or connected with one of the main drainage channels of 
the country, it will in such a case be silted up by repeated accessions of flood waters charged 
with sediment, and this appeal's to he the origin and history of the oasis-like tract of newer 
alluvium near Pantanau, which has all the aspect of being an extensive trough-like depression 
in the original surface of the land, lying in the course of two of the largest branches of 
the Irawadi, and in consequence speedily silted up to the level of the surrounding country 
by its waters. 

The difference between this case and the last is one it may be said of degree, but 
an aboriginal diffei'ence of level, though merely one of degree, produces exactly opposite 
results. A moderate depression, such as the Daga lake (even cceieris paribus and in 
this case the ground surrounding it is the higher), would, during the floods, as a rule, 
discharge into the nearest river, whilst a greater depression, like the Pantanau trough, would, 
during floods, never discharge into the river, but always itself be the recipient (till silted 
up) of the waters of the flooded stream. 

The Daga lake may he now briefly noticed as it forms a curious feature in the district 
1 am describing. The Daga lake is an annular piece of water situated on the west hank 
of the Daga river, 25 miles north-west from Pantanau. Its shape is irregularly oval, 2f- miles 
long, and varying from half a mile to a mile in width. It discharges its surplus waters into 
the Daga river by a short channel of about £ of a mile in length, hut from always remaining 
full is probably as deep as the channel of the Daga river itself. It is economically valuable 
as a fish preserve, and an account of the annual drawing of the lake is given by the 
late M. O'Riley in the Journal of the Asiatic Society, Bengal. M. O’Riley speculates on 
the mode in which it has been formed, but as he refers it to some vague intestine movement 
of the neighbouring strata, I am unable to agree with his conclusions. Did such a piece of 
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water occur in proximity to a large river channel in lower Bengal, it would at once, and 
probably correctly, be referred to a deserted bend or knuckle of the river, and such was my 
impression in the present case before examining the ground. I anticipated finding a con¬ 
siderable ai'ca of newer deposit of river silt marking the former extension of the Daga river, 
but nothing of the sort exists, the permanent banks of the river displaying the ordinary section 
of older clay, and the island occupying the centre of the lake being formed of the older clay 
likewise. No other conclusion therefore remains but to regard it as an annular depression which 
originally existed on the surface of the older alluvium on its first elevation from the sea, 
deepened, enlarged, and wrought to its present shape by atmospheric agency. Besides atmos¬ 
pheric agency, which seems scarcely equal of itself to produce such a piece of water (else would 
they be more common), even when aided by the original contour of the ground, I should 
suspect some peculiarity in the soil constituting the bed of the lake. The older clay of 
the delta is, it is true, remarkably homogeneous as a whole, hut this is not. inconsistent 
with the occurrence in it of thin bands of a different composition. An instance in point occurs 
to me in the Purneah district of Bengal, where a thin band-like portion of the older clay 
usually so tenacious assumes almost the character of a quicksand by mixture with water, 
forming a sludgy compound, easily removable by the action of either springs or a stream. 
Some such band may very possibly occur in the older clay of Pegu, and if it occurred at 
about the mean height of the water on the Daga river, or lower, it would go far to explain, 
by the facility with which it would pulp down and flow away, the annular shapa of the lake, 
which of course, however obscure the cause, is not purely fortuitous. In this view the 
original depression of the ground may have been trifling, sufficient perhaps only to give 
direction to the scouring action subsequently set up.* 

A noteworthy point connected with the physical character of the delta of the Irawadi 
is the more persistent character of the river channels in it. Towards the upper part of the 
delta and above its proper limits, the Irawadi channel is never more than five miles broad 
between its permanent banks as they may be termed, that is the opposite margins of that 
trough scooped by the river in the older alluvium, and of which a considerable portion is 
usually refilled with river deposits. Within the delta proper towards its mouth, the present 
river channels are more permanent, and evince little tendency to deviato from their establish¬ 
ed channel. Even such rivers as the Daga, which wind in the most circuitous fashion in 
a level country, exhibit no such tendency, affording in this respect a striking contrast to 
the habit of rivers in the Gangetic delta. The Kosi for example oscillates from east to west 
(its present direction) over an area of probably not less than 30 miles, and a town which 
stood on the west hank of its main channel at the period of my visiting it first, stood on 
its east bank the following year, through the se-opening and scouring out of a disused 
channel in its westerly course. The station of Kampore Beauleah is in like manner sulFering 
from the encroachment of the river, and so long back as 1855, steamers anchored where 
houses once stood. Nothing too is a commoner process in the Gangetic delta than the 
obliteration of a river channel, and its conversion into a fertile plain, a change not unfre- 
quently effected in the course of a few years. Now, save within the narrowest limits, 
nothing of this sort takes place in the Irawadi delta, and this is I think attributable to the 
different constitution of its delta, and the absence of any extended development of the 
newer group, within which the incessant changes in the Gangetic rivers take place, or in 
other words owing to the greater and more equable resistance to erosion of an homogeneous 
clay like the older deposit, than what is afforded by banks composed of newer silty deposits, 
and such (luviatile accumulations. Local peculiarities may in some spots cause a wasting of 
the older clay, as at the important town of Nioungdon, where a great extent of sand flats 
and shallows have resulted from the excessive denudation suffered by the older clay, giving 
rise to a sprawling channel very different from the deep permanent channel usually seen in 
the delta, but the cause is obviously a loeal one, the clay here resting on an incoherent pebbly 
sand, which melts away and allows the overlying bed to topple into the river, and the process 
which is rather exceptional in Pegu in the older group produces the same result as in Bengal, 
where it is an universal operation in the newer. 

* Mr. O’Riley himself subsequently to the publication of the paper referred to, changed his view of the for¬ 
mation of this “lake”; and believed, as certainly appears the much more rational and simple mode of accounting 
for its formation, that it is simply an unfilled-in bend, or as Mr. Theobald says “ knuckle" of tile river. Every¬ 
thing seems to be in harmony with this view, and Dr. Day, in his recent Fishery enquiries in Btirmah, was also 
satisfied that this was the true explanation of the facts. T. Oldham. 
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It may perhaps seem strange, that, with so eminently level and low lying a tract of 
country as I have described above, over which flood waters are repeatedly effused, no consi¬ 
derable deposit of river sediment has taken place. The objection is to some extent plausible, 
but I shall now hazard a few considerations which greatly diminish its force. In the first 
place I would beg attention to the fact previously stated by me, which lies at the root of the 
entire question, and that is, that the Irawadi delta is at this present time in the precise 
condition which the Gangetic delta presented, when, in the latitude of Calcutta, the older 
alluvium, now about 65 or 70 feet below the surface and considerably therefore below the 
sea level, was nearly the height of the present surface and beginning to receive those ac¬ 
cretions of fiuviati'le and lacustrine deposits which now constitute the 70 feet of newer 
deposits whereon Calcutta stands, as before shown. This is precisely the condition of the 
Irawadi delta, and a downward movement, with a corresponding development of fluviatile 
beds, is all that is required to create a strict parallelism between the two deltas. For cor¬ 
responding development I might perhaps rather say consequent development, as the deposi¬ 
tion of any thickness of these fluviatile beds is proportionate to the subsidence of the area 
occupied by them, hence their absence in any force, over any elevated area occupied by the 
older group. At the same time I do not wish to he understood as denying that the flood 
waters which cross the country leave no deposit, hut only as insisting on the superficial 
and I may say insignificant development of this group in Pegu, from the reasons above given. 
When the entire country is composed of the older clay a thickness here and there of a 
few feet scattered over the surface and that after a very sparing fashion, scarcely deserves com¬ 
parison with the extensive and thick deposits of Gangetic alluvium. In the river hanks a 
couple of feet at most, and this I consider an over estimate, of surface soil is seen, the 
entire bank being composed of the old homogeneous clay. Farther removed from the 
main channel the deposition of river silt is even more trifling on two accounts; firstly 
from the more copious deposit of silt on the river bank, through the diminished velocity 

of the 5CVCTfl°',vins waters> a,1(l secondly from a cause not usually sufficiently home in mind. It 

may seem paradoxical, but the low level and small inclination of the ground is a serious 
obstacle to its becoming silted as I shall show. When a cross country “ spill” takes place 
and flood waters charged with sediment traverse a low country, deposition of course takes 
place, as when the floods of the Son abandoning their proper channel pour irregularly across 
the plains of Beliar, and in place of falling into the Ganges above Patna, effect an irregular 
discharge for themselves below it. Very different, however, is the case of a river running 
through so flat a country as the Irawadi delta, and possessing a rain-fall such as Pegu does. 

The first showers of rain fill the numerous “ engs” or depressions scattered over the 
country, and these gradually enlarging, submerge the country before the turbid floods of the 
river have risen to a similar height. In default of any effective drainage, the ground 
adjoining the rivers being higher than the flooded interior, the ordinary rain-fall of tlie 
district is usually adequate to produce this effect, but the low land skirting the hills, receives 
in addition considerable, though irregular supplies through streams which pouring out from 
the hills diffuse themselves over the country, and lose themselves in the plains. A vast 
quantity of sand is swept down and forms a sort of encroaching talus margining the plains, 
hut the somewhat depurated water mixed with the pure rain water ot the plains, together 
forms a body of water very limpid and free from sediment, though eventually often tinged with 
brown from decaying vegetable matter. The turbid waters of the Irawadi now rising, top their 
hanks, hut their course is soon arrested by the limpid water ot the plains and may often he 
traced holding on their course without mingling with the other by the contrast in colour 
the two bodies of water present, and this balance of power oi course tends powerfully to 
reduce the deposition of silt to a minimum over these inundated plains and restrict it to the 
immediate neighbourhood of the larger streams. 

In appearance the older clay of the Irawadi valley much resembles the older clay of 
Bengal, hut it differs from it in being very deficient in lime, and rarely containing, and then 
hut sparingly, these calcareous concretions or kunkur which give a distinctive character to the 
deposit in Bengal. It is a very homogeneous deposit throughout, but a thin dark band in it 
shows that it dips seaward, or to the south, at a greater angle than the surface oi the land, 
which proves that the process of elevation has been greater inland than towards the gulf 
of Martaban. This is quite in accordance with evidence oi an increased elevatory move¬ 
ment as we proceed up the coast, northward. Towards Cape Megrais no prominent signs 
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of' elevation present themselves, but as we approach Gwa we find gradually proofs of a some¬ 
what recent rise of the coast, in the shape of coral hanks raise'd above the present limits 
of its growth and in the presence, a few feet below the surface in the plains now removed 
from the shore, of shelly sand and shells of species living on the coast. Above Myanoung this 
dark band is cognizable high above the dry season level of the river, but within the tideway 
it occui s about niidwater mark or lower, and is in many places dug out for pottery, being 
highly plastic and adapted for such purposes. 

Towards the top of the tideway the older alluvium or yellowish clay rests on a pebbly 

sand, which is visible at Nioungdan, where it is rather better than usual. This 

sandy bed is doubtless the homologue of those extensive beds of gravel which towards the 
frontier, underlie the older clay. Opposite the village of Monyo, near Nioungwaing, gold 
washings are carried on in the bed of the river on a shingly bank which belongs to these 
coarse gravels, and these gravels are probably the source of the gold which in many spots 
is occasionally washed for in the Irawadi, though the returns are too poor to attract con¬ 
tinuous labor. This older clay is not confined to the valley of the Irawadi, hilt occurs like¬ 
wise in that- of the Sit-tang—and, which is rather difficult to account for on any other 
hypothesis than that which 1 have adopted, of its estuary origin, in the upper parts of the 
river valleys on the side of the Arakan Coast. In some of these valleys it is seen deeply 
cut through by the river channels, and very often appearing little more than a remnant of 
a once extended deposit. In such positions it is often masked and covered over by an enor¬ 
mous accumulation of rocky detritus swept down over it by rains from the adjoining precipi¬ 
tous hills. This is not a situation favorable to the accumulation of a homogeneous clay, 
through long-continued fltiviatile action, but rather points to a period when its equable 
diffusion took place within the sea. The coarse gravels which underlie the clay towards the 
upper portion of the delta and towards the frontier are clearly of luariue origin, as no other 
agency is adequate to formations of such coarse shingle as that in question. Opposite Prome 
this gravel rises to upwards of 60 feet- above the flood level of the Irawadi and is fully 30 feet 
thick reposing on miocene strata. The older clay is not seen here being apparently denuded, 
but at Thaiotuiio the relation of tlie two beds is well seen. In the neighbourhood of Thaiet- 
mio, this gravel contains numerous well worn and rounded pieces of fossil wood, six inches 
in length and occasionally logs two feet and upwards in length. These logs have, of course, 
not travelled far, and are derived from the miocene sands containing siRcified wood in the 
neighbourhood. Their presence, however, with other hard rocks, in well-rounded lumps is 
clearly indicative of their origin in situ as a marine shingle bank. Equally conclusive is the 
thick deposit of coarse shingle comprising well-rounded boulders, many of six and nine inches 
in length of the hardest schists, exposed in the river bank under "the old Port of Miade 
above Thai etude on the opposite hank, and I can draw no other conclusion from these 
deposits, than that, anterior to the deposition of the older clay, they formed shingle hanks 
in a shallow sea or estuary in which f heir hard silicious ingredients were rolled about and 
polished down as we find them iu the gravel. Having iti a previous notice described the beds 
whence the fossil wood lias been derived I need not here allude to them, hut I think I may 
confidently assume that marine and not atmospheric agency was the force employed in the 
removal (m part at least) of these fossil-wood beds, and in reducing the silicified trunks so 
abundantly contained in them into (lie innumerable smoothed blocks, boulders and pebbles of 
fossil wood so characteristic of the Irawadi gravels. 

I will conclude my remarks on the Irawadi alluvium by pointing out the effect to man, 
and the extent to which his industry is affected by what might seem merely a trivial or 
theoretical difference between the delta of the Irawadi and Ganges. I have already shewn 
that within the Irawadi delta, hut 200 square miles occur of the newer or Irawadi alluvium 
proper, but- without affecting t-o estimate the area occupied by the corresponding Gangetic 
alluvium it may be taken as far more than two hundred times that amount. Now, it is on 

this newer alluvium that the finest indigo is grown, and indigo and may be said 

to be the two main staples of the zillahs in Bengal occupied by the newer deposits. Not 
only this, but the newer alluvium will produce any crop required of it, either rice, sugar, 
opium, oil seeds, &c., and hence from the occurrence of these newer deposits over so large 
au area in Beugal, that province has acquired the name for fertility it possesses. In the 
Irawadi valley, in place of this fertile deposit, we have the older alluvial clay, which. 
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though where it forms an undulating country, or beyond the limits of the delta, and on the 
upper part alike of Pegu or Bengal, is capable of producing valuable crops of various descrip¬ 
tions, yet where it occupies^ such low land as the delta, is fit to sustain nothing so well as rice 
crops ; and hence the inability of the delta of the Irawadi to compare in richness with that 
of the Ganges, or to furnish in like abundance the various products, which a seemingly trivial 
difference in geological composition enables her more favored sister the Ganges to produce. 

Rangoon, 15th June 1869. 
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Geology of Gwalior and vicinity, by Chas. A. Racket, Esq., Geological 
Survey of India. 

The following observations will be confined to the southern part of the country near 
to Gwalior, included in Sheet No. 1 of the Gwalior and Central India Topographical Survey, 
the northern part being covered by the alluvium, which I did not examine very closely. 

Physical features.—The southern part of tho area is traversed by six ranges of hills; 
three of these have an east and west and the other three a north-east and south-west 
direction. Of the three east and west ranges, that to the south, extending from near the 
town of Par on the west, to the Sindh river on the east, is between 3 and 400 feet above 
the level oi the plain to the south and presents a steep scarp in that direction. The other 
two are not so high and are less continuous; the northern range, that north of Gwalior, 
being formed of a line of isolated hills. 

The three north-east and south-west ranges are the continuation of ranges extending to 
the south beyond Sipri. All of them present a steep scarp to the south-east, and incline, 
at a small angle, in the opposite direction, roughly parallel to the dip of the rocks. 

Two series—The rocks forming the east and west line of hills belong to an entirely 
different series from those forming the north-east and south-west line ; the former being 
formed of the Gwalioe Series and the latter of the Uri’ER Vindiiyan. 

_ Unconformity.—These two series arc totally unconformable to each other, the former 
having been immensely denuded before the deposition of the latter. In fact, I shall show 
presently that the principal physical features of the Gwalior series, viz., the Par scarp 
and the two valleys included between the three ranges of hills, were in existence previously 
to the deposition of the Upper Vindhyan series. 

Crystalline.—The narrow strip of country south of the Par scarp is occupied by the 
crystalline rocks. But except on the scarp and a few hillocks in front of it, the rocks are 
mostly covered by the alluvium. This area is also traversed by numerous large quartz 
veins ; some of these extend for many miles in length, and attain to a height of 2 or 300 
feet above the plain. Further south, these quartz veins are more numerous, longer and some¬ 
times upwards of 500 feet high. 

Crystalline Rocks. 

Par scarp.—-As only a small area of these rocks is exposed within our limits, my observa¬ 
tions upon them will be very brief. The greater part of the Par scarp is formed of gneiss. 
Where highest there is only a capping of a few feet of the Par quartzite, the lowest member 
ol the Gwalior series; but in most of the deep bays, which have been worn out of the 
scarp, and east of Deogurh where the scarp is cut hack by the Sindh river, no gneiss is seen, 
but the quartzite extends down to the level of the plain. 

The g'deiss in the scarp is in a very decomposed state, and a good deal covered by the 
debris of the quartzites, &c. The foliation is obscure, but in places it can be traced ; the strike 
appeared to be east-20°-north. 

The gneiss most often seen in the scarp is composed of red felspar, quartz, and black 
mica ; frequently the mica is entirely absent, and sometimes steatite is very abundant. 
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Another variety ot' the gneiss occurs at the base of the scarp, at the western eud, from 
Deogurh to Lad era, and also in the hillocks near the latter place. The differences between 
the two varieties are strongly marked; this second variety is far less decomposed than the 
former; the hillocks by Ladera are formed of large blocks of it, some as much as 20 feet 
across. Foliation cannot be traced, and the felspar in it is white. Many sections of the 
junction between the two varieties are exposed in the scarp, in all of which the boundary 
between the two is well defined, the particular characters of each being as strongly marked 
at the junction as at some distance from it. 

Quartz veins.—The strike of moat of the quartz veins which traverse the gneiss is 
north 30° to 40* east, but I have met with one or two with a strike of north 10° to 20° west. 
These veins often run into the Par scarp at a height equal to the height of the scarp. Near 
the town of Par one of these veins can he traced for some distance through the quartzite; 
on either side of the vein the quartzite contains the debris of the quartz vein. 

The Gwalior Series. 

This series of rocks, named after the city of Gwalior, which is built on it, occupies but 
a small area in this district; the greatest length along the strike of the rocks being about 
50 miles and breadth about 15 miles. 

The series is composed of a variety of rocks consisting of quartzite, sandstone, limestone, 
jasper, and contemporaneous trap. The strike of the rocks is east and west, and the dip 
towards the north seldom at a higher angle than 3°. 

I shall divide the series into two groups, viz.,— 

The Par Group and the Mo ear Group. 

The first, the lower in the series, consists principally of a quartzite sandstone and some 
shales; the second includes by far the greater thickness of rocks; but iu this group, there 
is no bed sufficiently strongly marked or continuous along the strike to be used for the pur¬ 
pose of sub-dividing the group. 

Par quartzite.—The Par quartzite rests directly on the gneiss; and occupies the top of 
the escarpment extending from a little west of Par east to the Sindh river. 

That the quai-tzite was deposited upon a very irregularly denuded surface of the gneiss 
can be seen where the quartz veins peuetrate the scarp, as atGoojurra. The gneiss on 
either side of the vein had been denuded considerably below the general level, and ou the 
east side to a lower level than on the west. 

In the scarp behind Par one of these quartz veins can be traced nearly a mile through 
the quartzite. The vein south of the scarp runs about iiorth-20°-east, and at the top 
along this line the vein is sometimes seen in the quartzite aud at others is covered by it. 
For several yards, on either side of this line, the quartzite encloses large pebbles of quartz 
evidently derived from this vein. 

A few inches of the base of the quartzite is conglomeritie, being formed of rolled pebbles 
about the size of a pea, enclosed in a matrix of red decomposed felspar; above this it 
becomes very fine in texture, of a greyish color and regularly and thinly bedded. 

Thickness.—The thickness of tho Par quartzite varies considerably. In some places, 
as ou the top of the scarp behind Par, there are only a few feet of it between the gneiss and 
the Morar group, but whenever a section of the quartzite is exposed some distance north 
of the scarp, a l’ar greater thickness is seen. In the Badbanp gorge, situated between three 
and four miles north from the edge of the scarp, there is nearly 150 feet of the quartzites 
exposed. 

Shales.—At the east eud, about a mile north of the main scarp, there is a second scaip. 
about 100 feet high, formed of about <10 feet of green and red earthy, slightly micaceous 
sh lies at base, capped by about 60 feet of quartzite. These shales do not, appear to the 
west, hut are overlapped by the quartzites in that direction. 

At the top of this group there is locally a very peculiar rock. Its greatest thickness 
r not more than six feet. It is best seen near Bara. East of this it is occasionally met 



PART 2.] Tlaeket: Country near Gwalior. 35 

with, but to the west it is not seen in situ. This peculiar bed is very irregularly denuded. 
Just south of Bara Castle channels are cut through it to the depth of the bed, leaving the 
rock standing in columns some feet square, and large and irregular patches of it extend for 
nearly a mile towards the south. 

The following is a sketch section of this peculiar bed :— 

a—Par quartzite; bb x —Peculiar bed; c—Shales, &c., of Morar group. 

The bed presents some variety. At the point b,x it is composed of alternations of 
limestone and silicious bands; the former being softer are more worn, leaving the latter 
in projecting bands round the columns. The silicious bands weather into a very uneven 
honeycombed surface. Dr. Stoliczka informs me that they are formed of corals. In the 
outlying patches south of Bara hi, the limestone is entirely absent, and the bed is com¬ 
posed of a. compact quartzite, often of a peculiar oolitic structure. 

Small patches of this bed are seen resting on the Par quartzite eastwards almost as 
far as the Sindh river, hut the bed is thin, and the limestone, absent. 

Mon a 11 Group. 

The rocks of this group consist of argillaceous shales, finely laminated ribboned jasper 
and hornsttmc beds, frequently exceedingly ferruginous, but in places the iron is entirely 
absent. There is also some thickness of limestone having; the same ribboned structure, the 
bands of limestone from b to 2 and 3 inches thick alternating with silicious hands varying 
from a line to an inch in thickness. The silicious hands are often of red jasper. 

Trap.—The group includes several spreads of contemporaneous trap, one of them 
of great thickness and extent. 

Thickness.—It is difficult to estimate accurately the thickness of this group, as in 
parts of the .section the beds have a slight roll, but I should say that it must be at least 
2,000 feet thick. 

The line of junction between the rocks of this anil the Par group is marked by a slight 
rise in the ground, seldom more, than 30 feet above the top of the Par quartzite. 

It is an irregular line, roughly parallel to the Par scarp. At the west end it is only 
a few yards north of the scarp ; but eastwards the distance gradually increases, until oppo¬ 
site Deogurli, there is a. distance of nearly five miles between the two. 

Badhano.—The only actual junction between the two groups s n along .the line is 
at Badhano. Here resting immediately on tlie Par quartzite are about 30 feet of white, 
reddish, and light green micaceous shales. 

It is doubtful if these shales exist along the whole line ; at all events, there can be only 
a few feet of them in places; they appear to be overlapped to the south, as the further north 
the section is situated, the greater the thickness of the shales exposed. Thus, a well situate 
by the side of the Bombay road, just on the top of the Ghat and about two miles north of 
the Par scarp, is sunk through the jasper beds nearly on to the top of the Par quartzite. 
In the bottom of the well, several feet of black carbonaceous shales are exposed, but in a 
gorge extending north from Simiria into the Par scarp lo within a mile of the well, 
although no actual junction sections are exposed, still there is only a foot or two of the section 
just above the quartzite covered. No black shales are seen in this section, they may occupy 
the foot or two covered, but, even then, there must be a great reduction iu the thickness ol 
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Clay beds.—At Dharoli, the beds resting upon the Par quartzite are white clays with 
bands of various colours. In this section not only are the blade shales overlapped, but some 
other shales above them: thus in the Sindh river at Bijura the following section is exposed, 
none of which is represented in the Dharoli section. 

Bijura.—The Par quartzite is not seen at base— 

30 feet 
2 » 
0 „ fi inches 
2 „ 0 „ 
1 „ (5 ,, 
1 „ 3 „ 
2 „ 0 „ 
i „ 0 „ 

black oarbouaceous, slisrlitly micaceous, finely laminated, shales. 
ditto ditto with gracious concretions, 

red and green shales, 
ferruginous shales with concretions, 
red and ^reen shales, 
shales with silicious concretions, 
red finely laminated ribboned shales, 

ditto with silicious concretions. 

Concretions.—The concretions occur as flatfish round balls of flinty chert, sometimes 
1A inches in the shorter, and "2i inches in the longer diameter; the longer diameter always 
being parallel to the bedding. 

In the Dharoli section the day beds pass upwards into an irregularly banded rock; the 
bauds of from one-eighth to one-bait' an inch in thickness and formed of alternate bands of horn- 
stone and silicious brown htematite, the bands of hornstone being most frequently the thicker 
of the two. The day beds appear to be very loeal in their occurrence ; for in many places, the 
hornstone beds form the bottom of this group. It seems possible that the day beds are the 
hornstone beds locally decomposed. The two are very similar in structure ; the hornstone is 
seen in all stages of decomposition, and the rocks somewhat higher in the section, and equally 
silicious with the hornstones have certainly decomposed into a similar day, as. for instance, 
at the iron mines near Mangor and Santow, &e., where the red and yellow clays can 
be traced along the strike into the undecomposed red and yellow jaspers. 

The thickness of the day and hornstone beds is about 50 feet. The section above them 
in ascending order is as follows:— 

Red ribboned jasper wilh ferruginous bands ... . .. 150 
Ribboned hornstone ... ... ... ... ... ... 50 
Red and yellowish, slightly ferruginous, finely laminated, banded shales ... 50 
Silicious ribboned shales ... ... ... ... ... ... 40 
Felsites and shales ... ... ... ... ... 20 
Contemporaneous trap (Oholira trap) ... ... ... ... 70 
Felsites and shales ... ... ... ... ... ... 40 
Limestone with bands of chert ... ... ... ... ... 50 
Felsites and shales ... ... ... ... ... ... 00 
Contemporaneous trap (Rein trap)... ... ... ... 50 
Silicious finely laminated ribboned shales, including bands of limestone ... 300 
Ribboned jasper and ferruginous shales ... ... ... ... 300 
Contemporaneous trap (M 0r ar trap) ... ... ... ... 500 
Ribboned jasper and ferruginous shales ... ... ... ... 50 
Limestone with bauds of chert aud jasper ... ... ... ... 70 
Ribboned jasper, with ferrugiuous bands ... ... 50 
Semi-jaspideous ribboned shales ... ... ... ... . , iQO 

Concretions.—Concretionary structure is very common in the lower part of this section, 
particularly in the jasper-beds. Some of the concretions in these beds are four feet long and 
four inches thick, but the greater number are about six inches long and 11 inches thick; the 
longer axis always parallel to the bedding. The concretions are formed of thin laminae of red 
jasper and haematite, and arc mostly irregularly cracked in the interior and the cracks filled up 
with quartz crystals. In some of the concretions there are irregular cavities, sometimes 
4 inches long and inches high, lined with quartz crystals. The best sections of these beds 
can he seen in the gorges north of Si mi ria, where vertical cliffs of them more than 
100 feet high are exposed. The beds of this part of the section are locally worked for iron. 
A description of the mines will lie given presently. 

Felsites.—The felsites occur above and below the Clioura, Bela, and Puniar traps, as 
well as under the outlying hillock of trap near Fasoulee. They are mostly thin and 
regularly bedded, and in this respect resemble the silicious shales, with which they alternate. 

The most common variety of the felsites is a cream coloured felspathie matrix, in 
which are imbedded innumerable dark coloured crystals, probably of angite. Another variety 
consists of alternate irregular, thin light-cream, and dark-green, coloured layers, probably of 
felspar and hornblende. 
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The following is an analysis of' one of the felsites by Mr. Tween 
Silica 
Alumina with a little iron 
Lime 
Magnesia 
Potash 
Soda 

Total ... 102'OS 

Mr. Medlicott, who has examined a portion of this area, found in the nuddy south of 
Raipoor some spherical hollow lumps imbedded in the felsites, which he describes as 
“volcanic (?) bombs, spherical hollow lumps of coarse trappean matter, imbedded numerously 
like great drops in one of the fine compact intertrappean beds a few feet over the Choura 
trap flow in section south of Raipoor.” 

It is difficult to arrive at any conclusion as to the origin of these beds ; but from their 
association with the traps, their general appearance, and composition, it seems probable that 
they are trappean ash-beds. 1 

Limestone.—The limestones arc very uncertain in the section. Of the two limestones 
exposed m the Dharoli section, the lower, that between the Choura and Bela traps is 
covered by the alluvium both in the east and west of the line of section. The upper is v’erv 
discontmuous along the strike ; at some places there is a considerable thickness of it, while in 
others it is entirely absent. 

Uncertain occurrence of limestone—The best instances of the uncertain occurrence of 
the limestone are at Bhandaoli, Siharo, and Dangora. 

. At Bhandaoli the hill is about 150 feet high, in which, in ascending order, the following 
section is exposed:— ° 

Foct 
Silieious shales ... ... ... 25‘ 
Calcareous shales with bands of limestone ... ... ... 20 
Limestone ... ... ... ... ^qq 
Silieious jasper-shales ... ... ... ... 20 

The beds are nearly horizontal; only a few hundred yards further to the east there is 
JIO limestone in the section. On the west side, under the castle, the limestone is replaced 
by oehreous clay beds, in which are a few thin hands of limestone. A short distance further 
west, the only limestone in the section is in the calcareous shales at the base of the hill. 

Siharo.—About a mile east of Siharo and north of Ootilla there is a hill of lime¬ 
stone nearly detached from the main range. The hill is about 100 feet high. On the south 
side, on the top, there are about 70 feet of limestone; under this about 20 or 30 feet of 
calcareous shales with bands of limestone and at base silieious shales. In the main range 
not 50 yards distant there is not a trace of limestone. 

Dangora.—Another Instance of the uncertain occurrence of the limestone is at. 
Dangora.. Here there are about, 50 feet of limestone seen in section. It continues round 
the north side of the hill, hut at a short distance to north-east the limestone becomes more 
earthy until it passes into the oehreous clays. East of Dangora, the limestone continues 
for a short distance towards Fasoulee, but at that place none is seen in the section. 

I might mention many other cases of the sudden disappearance of the limestone, but 
I think the above sufficient. The rock that replaces the limestone in the section is always 
the oehreous clay beds. The limestone and the accompanying rocks are as nearly as 
possible horizontal, so that the sudden disappearance of the former cannot he accounted for 
by dip. The beds above and below the limestone being identical with those above and below 
the oehreous clay beds prove that, the limestones are not faulted out of sight. 

Tbap. 

There are ail .least four separate spreads of trap. I shall name these the “ Morar trap,” 
the “Barai trap,” the “ Choura,” and the “Bela trap;” there is also a large spread of trap 
west of Puniar ; this, I think, is a disconnected part of the Barai trap. 

Besides these great spreads, several smaller patches oceur, as at Kote ki Serai, 
Malipoora, Singpoora, BaroOri, and Fasoulee. It is probable that some, if not all.’ 
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of these patches are parts of the four great spreads, although the connection cannot be traced, 
as these parts of the section are a good deal covered by the "alluvium. 

Morar trap.—The Moral- trap is by far the most important from its greater thickness 
and extension along the strike. A map would scarcely convey a correct idea of its great extent 
ami thickness ; as to the eastwards the trap is only seen at the base of the broken northern 
range and in the isolated hills dotting the Morar plain; but there can be no doubt, these 
isolated patches, and the trap under the hills round Gwalior, form part of one great spread, 
extending from Bitholi on the west to Jhankri on the east, a distance of about 30 miles. 
The western end of the Morar trap is covered by the Kymore sandstone, and the eastern 
by the alluvium. There does not appear to be any thinning out at either end, for at Bitholi 
and Jhankri there is as great a thickness as anywhere along the line. About four miles west 
of Bitholi, in a gorge near Malipoora, the Kymore sandstone is removed and a considerable 
thickness of trap is exposed. This is just in the'line of the strike of the Morar trap and 
most probably is a continuation of it. 

Thickness.—The thickness of this trap must ho considerable, although it is difficult to 
estimate it accurately. The breadth of the spread, at right angles to the strike, is at the 
western end upwards of three miles. The rocks immediately above and below the trap dip 
at an angle of 2°, and if the trap has the same dip, it must he upwards of 500 feet thick. 
But as there may he an alteration in dip between the northern and southern edges, this 
estimate is possibly excessive. At all events, there arc vertical sections exposed in (iwalior 
fort hill, and some of the hills to the west, showing nearly 200 feet of trap, and some of 
the hills on the Morar plain, as at Dhaneli, Atarsoo, and' Karwas, are nearly 100 feet 
high and are formed entirely of trap. 

Sarai trap.—The Barai trap occurs on the south side of Baraj hill. It extends to the 
east nearly as far as Tigara, where it. is covered by the alluvium, and on the west for a mile, 
and is then covered by the Kymore sandstone. There is about, 50 feet of this trap exposed 
in the Barai hill. The small patches of trap, which crop out from under the Kymore sand¬ 
stone, south-west of Barai. arc obviously parts of this spread. The reason of its occurring 
in detached patches is, that the trap was largely denuded before the deposition of the 
VnidhyatiH. and that now, the Kymm-e sandstone rests sometimes on the trap and at others 
on the rocks below. 

P-imiar.—The trap at Puniar is about 1$- miles south of the southern edge of the 
Barai trap, and of which, although the continuation cannot now he traced, it probably once 
formed a part. The traps arc of about an equal thickness, and the beds above and below 
them arc very similar. 

Choura trap.—The Chonra trap is about 70 feet thick, and extends eontinuouslv 
from Naigaon. just east of the trunk road, to Choura. East, of this, it is covered by the 
alluvium, hut its continuation can be traced some distance further oast, as small hillocks of 
trap arc of frequent occurrence in that direction. It is probable that the trap seen in 
the stream north of Barori is a continuation of this spread, as the limestone on the top 
of it is very similar to that over the Choura trap. 

Its continuation westwards can also be traced, for in the nuddy south of Raipoor. 
about two miles west of Naigaon, a small patch of trap is exposed, which is probably a 
part of this spread. 

Bela Trap.—The Bela trap is about 160 feet higher in the section than the Choura. 
II. is covered by the alluvium at both the east and west ends, hut to the eastwards, there 
are many outcrops of trap along this line, the farthest of which is at Kote ki Serai, about 
six miles distant; these all doubtless belong to this spread. 

At the northern end of this spread, ill the middy near the trunk road, north-west of 
Bela, the trap has the appearance of having broken through the strata and overflowed 
the rocks to the south. For a distance of about 20 yards, tlie nearly horizontal shales, 
upon which, immediately to the south, the trap rests, are seen in actual contact with the 
vertical trap for a depth of about six feet. East of this section the trap is covered by the 
alluvium, but to the west it is regularly interbedded with the shales. 

Raipoor. In the nuddy near Raipoor a similar apparent ease of intrusion is seen, 
hut here unconnected with any overflowing trap. 
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The variety of trap forming the different spreads is diorite. It is mostly largely 
crystalline, the separate crystals of hornblende and felspar being visible to the naked eye. 
On the top of the Morar trap near Beipoor magnetic iron is very abundant in the 
trap, but with this exception there is little variety in the trap of the different spreads. 

The VrNDiiYA.v Sebies. 

Already described.—The western part of our area is occupied by the rocks of the 
Upper Yiudhyan series. This formation, including that portion of it here represented, has 
already been reported upon by Mr. Mallet, (Mem. Geol. Surv., India, Vol. VII., Pt. 1). 

Relation to Gwalior.—1 shall therefore confine my remarks to its relation to the 
Gwalior, and, principally, to showing the extensive denudation of the latter previously to the 
deposition of the former. Only the two lower groups of the Upper Vindhyans, viz., the 
Kymore and Rewah, are here represented; they form three parallel ranges, extending 
from the south in a north and south direction, but north of the Par scarp they trend to the 
north-east. The most easterly range is formed of the Kymore conglomerate and sandstone ; 
the next-a few miles to the west-of the shales and sandstone of the Lower Rewahs, and the 
third-still farther west-of the shales and sandstone of the Upper Rewahs. 

Outliers.—There are also many outliers of the Kymore group resting upon the Gwaliors ; 
one of the largest of these is the Gwalior fort hill, the upper half of which is formed of the 
Kymore rocks. 

Unconformity.—The Kymore cross the whole of the Gwalior section, and along the line 
of junction numerous sections of the unconformity of the two series are exposed. 

Kymore conglomerate.—Further evidence of the unconformity is shown by the Kymore 
conglomerate, which is formed, almost entirely, where it crosses the Gwaliors, of angular 
and slightly rolled pebbles of red jasper obviously derived from these. 

Doorsari.—But the most interesting sections of the junction of the two series occur 
in the two gorges near Doorsari at Ladera and near Bhastori. These sections not 
only show the extensive denudation of the Gwaliors, but also that their present physical 
features, as, for instance, the Par scarp and the two parallel valleys, existed before the depo¬ 
sition of the Vindhyans. 

The Doorsari gorge is situated at the western end of the Par scarp about a mile 
beyond the western limits of the map. South of the Par scarp the Kymores rest directly 
on the gneiss and form a scarp running nearly north and south. The section is at the point 
of contact with the north and south scarp and the Par east and west scarp. The two scarps 
are each about 200 feet high. The Par scarp is formed of about 1(50 feet of gneiss capped 
by 50 feet of Par quartzite. The Kymore scarp a few hundred yards from the contact has 
about the same thickness of gneiss at base, but capped by the Kymore conglomerate and 
sandstone. At this point, the conglomerate is only a few feet thick ; north of this, the top 
of the gneiss falls rapidly to nearly the level of the plain, and its place in the scarp is filled by 
the Kymore conglomerate. At the point of contact of the two scarps, there cannot be less 
than a hundred feet of the conglomerate resting against the steep Par scarp. At the top 
of the Par scarp, the conglomerate is only represented by a few pebbles, but it gradually 
thickens on the low ground to the north. 

a 

Junction ol the Vindhyan and Par scarps near Doorsari: a—Kymore sandstone; 6—Kymore conglomerate 
c—Par sandstone ; d—Gneiss 
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The second gorge occurs a short distance east of the above. On the west side, a similar 
section to that just described is exposed. The gneiss falls to nearly the level of the plain, 
and the Kymore conglomerate increases proportionally in thickness, until, immediately 
south of the Par scarp, it is nearly a. hundred feet thick. 

In fact, the ground between the gorges, nearly half a mile, is occupied by a large 
outlier of the Kymores, at the southern end of which (about a mile from the Par scarp), 
the conglomerate is only a foot or so thick, but at the northern, there is a hundred feet of it 
abutting at base against the steep cliff of gneiss, and at the top against the edges of the 
horizontal Par quartzite, which at the top of the scarp it covers. 

Ladera.—The next case proving the existence of the Par scarp previous to the Vindhyan 
epoch is near Padera. It is situated just south of the Par scarp, about 21 miles west of 
the Doorsari gorge. Here the Kymores are seen at the level of the plain, and abutting 
against the scarp of gneiss and Par quartzite. It is also seen on the top of the scarp. 
The gorge in the scarp, just west of the narrow spit of sandstone, is also partially filled up 
with the Kymore sandstone. The bottom and west side of the gorge are of nearly horizontal 
Par quartzite, but the east side is formed of the Kymore sandstone. 

Western extension of Par scarp.—There is also some evidence that the Par scarp 
extended west of the Doorsari gorge, for at Sirsa, about three miles west, there is an 
outcrop of the Par quartzite, and the Kymore sandstone is seen at a lower level immediately 
to the south of it. 

Outlier of Vindhyans at. Bastari.—At Baatari there is a large outlier of the Kymores, 
stretching nearly across the southern valley. The hill is upwards of 100 feet high, com¬ 
posed of massive irregularly bedded horizontal sandstone. The base of the hill is covered 
by debris, so that the Kymore conglomerate is not exposed. Patches of the sandstone 
rest, uneonfonnably, on the ridges of the Gwaliors, both north and south of the valley. 
On the south side many of the steep lateral gorges running into the main valley are 
partially filled up with the Kymore sandstone and conglomerate. It is obvious that the 
southern valley and the lateral gorges must have been worn out before the Vindhyan 
epoch, as no amount of faulting could have brought the sandstone into these gorges. 

i. 

Section near Bastari: a—Kymore sandstone ; 6—Jasper beds of the Gwalior series; c— Par sandstone. 

Small outliers.—There are many other smaller outliers of the Kymore, partieularly 
near Jarga and Sohnsa. They mostly occupy the low ground, partially filling up gorges, 
or resting upon the sides of the hills of the Gwaliors, in all cases showing the extensive 
denudation of the latter previous to the deposition of the Kymores. 

The question ol' tin! age of the Vindhyan series has already been discussed by Mr. Mallet 
in his report (Mem. Geol. Suvv., India, Vof. VII, Pt. 1). 

Gwaliors.—The unconformity of the Gwalior seiies in our area to the gneiss on 
which they rest, as well as to the covering Vindhyans, is so great, that no conclusion can 
be drawn as to the exact place of the Gwalior series in the Indian series. 

Hindown,—The only other place where the Gwalior series has been identified to a 
certainty is near Hindown, about HO miles north-west of Gwalior. The Gwaliors there form 
a ridge about, ten miles long, extending in a south-west and north-east direction. The beds 
are thrown up at. a high angle, seldom dipping less than 60° in a north-westerly direction. 
Only a few hundred feet of section is exposed. The ridge is entirely surrounded by the 
alluvium, and thus isolated from the other rocks of the neighbourhood. 
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Upper Vindkyans.—The rocks nearest, to the Gwalior ridge are the Upper Vindkyans, 
the upper group of which, the Bundairs, form a high scarp running nearly parallel to the 
ridge. The Bundairs are for the most part nearly horizontal, but sometimes at their north¬ 
western limit dip at a high angle towards the south-east. There are two other broken ridges 
in front, north-west of the Bundair scarp, dipping at a high angle to the south-east, pro¬ 
bably formed of the lower groups of the Upper Vindkyans, viz., the Rewfth and Kymore. 
The nature of the .junction between the Vindkyans and the Gwaliors is obscured by the 
alluvium. 

Byana hills.—A few miles north-west of the Gwalior ridge, and roughly parallel to it, 
is another line of hills extending from Byana in a south-westerly direction. 

Quartzite series.—These hills are formed of a series of rocks not yet described, which 
we have provisionally called the ‘quartzite series.’ It consists of an immense thickness of 
quartzite sandstone, shales and conglomerate. The lowest group includes numerous spreads 
of contemporaneous trap. 

The quartzite series is most probably more recent than the Gwalior and older than 
the Vindhyan, for the conglomerate of the middle group (Dnmduma) of the quartzite 
series contains pebbles of ribboned jasper, &<s„ almost certainly derived from the (Iwalior series; 
and some distance south-west of Hindown, near Kevowlie, the Upper Vindkyans rest 
unconformably upon the lowest group of the quartzite series. 

Lower Vindkyans.—Lithologically, the Lower Vindkyans of Bundlekund have some 
resemblance to the Gwaliors, particularly to the silicious shales of the middle range of our 
area, but the ribboned jaspers, so characteristic of the Gwalior series, are entirely absent. 

It is highly improbable that the Lower Vindkyans and the Gwaliors are synchronous 
deposits, for no unconformity beyond overlap has been detected between the Upper and Lower 
Vindkyans in Bundlekund. and yet the lowest member of the Upper Vindhyaus, the Kymore 
conglomerate, is composed largely of pebbles of red jasper, almost certainly derived from 
the Gwalior series. Again, in the Sone valley, a considerable thickness of ribboned jasper 
occurs, identical in appearance with the jasper of the Gwaliors, and which series it probably 
there represents. The Lower Yindhyans rest unconformably upon these jasper beds. 

Bijawars.—The Bijawar series and the Gwalior have many points in common; but still 
the characteristic jasper beds of the latter are not represented in the former. The relation 
of these two series to each other has therefore yet to he determined. 

Late kite. 

There are two patches of laterite in our area; one at Raipo or hill, of which it forms 
the peak, the highest ground of the district; the second occurs on the Kymore sandstone, 
about two miles to the north-west. Both these patches are small in extent and arc about 
60 feet in thickness. The buds composing these hills are exactly similar to each other, and to 
the great spread of laterite of Central India—purple clay with bands ol brown hematite 
at base, capped by the hard porous roek-laterite.- -and no doubt, these two hills are outliers 
of the Central India spread, which has been traced as far as Sipri, about 60 miles south of 
the Raipoor hill. 

Economic Geology. 

Upper Vindkyans.—Mr. Mallet has already described the resources of the Vindhyaus 
in bis report on them ; in this district the sandstone, both of the Kymore and Lower Rewah, 
is largely quarried for building stone. The new barracks on the top of the Gwalior Port 
hill are built of the Kymore sandstone, quarried from the top of the bill. 

Iron.— The principal production of the Gwalior series is iron. Formerly, tlm work¬ 
ings for iron were far more extensive than npw, judging from the large excavations to 
he met with. The peak of Par MU is completely burrowed by the old workings and a large 
portion of the bill removed. Similar extensive excavations occur at Mangov and other 
places. The reason that the workings are not so extensive now as formerly is, not., that the 
iron is exhausted, but that the wood to smelt it is used up ; all the hills for many miles round 
If walior being almost entirely bare of any tree or jungle, the ore h;*> now to be taken a long 
distance to the furnaces. 
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Par Hill.—The principal iron mines are situated at Par kill, Mangor, and Santow. 
Nearly all tke workings are confined to the lower part of the Morar group, a,bout 100 feet 
above the Par quartzite.^ That ou Par hill, uot now worked, occurs in an outlier of the Morar 
group, forming a peak rising to the height of about 60 feet above the level of the edge of the 
scarp. 1 he lower part of the peak is composed of white clay beds with very regular variously 
coloured bands. The beds oi the upper part of the peak are highly ferruginous, the iron 
occurring in thin laminae in tke variegated clays. It is from these beds that tke iron is 
extracted. 

Mimgor.—Tke Mangor mines, about three miles north-north-east of Par kill. These 
workings are confined to a narrow valley running north and south and nearly half a mile 
long. On the east side they are bounded by a vertical cliff, the workings extend some 200 
yards west of this, but the greater part are close under, or only a few feet west of the cliff, 

i he richest seams are worked by small shafts some 20 or 40 feet deep; but on the west side of 
the valley iron is quarried from the sides of the low hills. The section in the shafts is very 
similar to that on Par hill, and the iron occurs in similar fine lamina; ill the clays. 

In the quarries, on the high ground, on the west side of the valley, the iron is extracted 
from beds above those on Par hill. These beds, although greatly decomposed, resemble the 
lower beds of the Morar group ; the structure is the same, and they enclose concretions simi¬ 
lar to those which occur in the Morar group ; but here the jasper and flint, &c., forming the 
concretions are decomposed into red and white ochroous clays. Both east and west of this 
valley, the clay beds pass into the undecomposed beds of the Moral- group. 

Santow. The workings at Santow are also confined to a narrow space. They are 
bounded on the north bv a large quartz vein, and the principal workings are close to this. 
I he richest beds are reached by small shafts about: 50 to 00 feet deep, from which small 
galleries are extended. 

The beds from which the iron is extracted are the same as those worked at Mangor and 
Par; they are in a similar decomposed state, and pass both to the east and west into the 
jasper and hornstones of the series. 

Smaller miner.—Between Mangor and Santow, on the high ground, there are several 
workings, but most of them small; there is one place, however, near the curious old tree 
marked on map, where extensive excavations have been made. 

All these workings are on the same horizon as those of Par, Mangor, &c., and the 
iron is extracted from similar clay beds, which pass into the undecomposed jasper and 
hornstone rocks in all directions. 

fhe strata in all these mines are locally much contorted. In places there are vertical 
narrow strips ol the undecomposed rocks, running through the clay beds in all directions. 
These strips are generally from three to six feet wide, and stand up like a wall, sometimes 
ten feet high. They are mostly formed of thin lamina; of iron, and show sharp contortions, 
even in their small breadth. They are even harder and more silicious than the unaltered rocks 
on this horizon, as if the silica from the decomposed beds through which they pass had been 
secreted in these strips. Iron is not more abundant in the parts worked than in a great part 
ol the series, hotli on the same horizon and in other parts of the section. 

The lamina? of iron are as thick and numerous in the liorustone and jasper beds as in the 
clay beds derived froin them. Again, in the very highest part of the section, above the 
Morar trap near Kharia, the iron is quite as, if not more, abundant. The reason, that the 
places worked were selected, was on account of the local decomposition and softening of the 
rocks containing the iron. 

flie miners told mo that they sold the ore at the pit’s month at the rate of between 
GO and 70 nmunds for the rupee. 

Limestone. The limestone is quarried and burned, but not on an extensive scale, as the 
natives appear to prefer the kunkur to be found in the alluvium just west of Gwalior. 

Black shales. -Some small excavations were made in the black shales in the bottom of 
the well by the side of the trunk road west of Puniar, in the hopes of their leading to 
coal, but. of course, without success; the shales containing only a trace of carbonaceous matter. 
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Note on the slates at Chiteli, Kumaon, by Theo. W. H. Hughes, F. G. S., Geological 
Survey of India. 

Whilst at the hill sanatorium of Almora during the late recess season, I was requested, 
in a letter addressed to me in September last by Colonel Hodgson, K. E., the Secretary to 
Government, North-Western Provinces, Public Works Department, to express an opinion, after 
visiting the spot, as tothe suitability of some slate for roofing purposes, which was known to 
occur near a village called Chiteli, distant only a few miles from Dwara Hat, one of the well 
known camping localities between Naini Tal and Masuri. 

Slate required for roofing.—The question to decide was one of importance,-for, if the 
slate were pronounced suitable, it was intended to use it extensively for roofing the military 
buildings that were to be constructed at the new station of llanikhet; it having been estimated 
by Captain Birney, K. E., the Executive Engineer in charge of Kanikhdt, that after taking 
into consideration the cost of extraction and carriage, the employment, of slate would be much 
cheaper than the corrugated iron in general use for roofing at most of the hill stations. 

The following short paper sets forth the views which I entertain rewarding both the 
quality of the slate and the quantity of it available. It would have been impossible, how¬ 
ever, for me to have arrived at a satisfactory and reliable conclusion on the first of these 
points had I not received considerable and courteous assistance from Captain Birney. 

Colonel Hodgson’s letter reached me on the 17th September, but I did not proceed to 
Chiteli until the 9th October owing to the lateness of the rains and the reported unhealthiness 
of the spot. 

Position.—The slate occurs in a spur of the hills overlooking a gorge, near the mouth of 
which the village of Chiteli is built. 

In this spur an experimental quarry was opened out, hut when I visited it, although 
efforts had been made to clear away the debris that obscured the section, the extraordinary 
continuance of the rains prevented the men at the quarry from working as rapidly as they 
otherwise would have done; and not more than 30 to 40 feet of rocks below the surface were 
exposed. 

The slates dip at high angles; and, as may he presumed, there are different hands varying 
in their comparative goodness. None of the slates are cleaved in a definite manner, but a 
few do exhibit this structure in an incipient stage. 

Before proceeding to purely economic matters, it may he useful to give, for the informa¬ 
tion of those who take some interest in geology, a generalised section of the Himalayas, in 
order to show roughly the horizon which the slate-rocks of Chiteli occupy. 

Geological Section.—•Commencing at Kalidiingi at the base of the hills, and carrying 
the section beyond the British frontier through the Milam pass, the rocks occur in the follow¬ 
ing order of succession:—• 

A. —Sedimentary rocks. Principally sandstones, shales, and limestones. A few 
carbonaceous beds occur. Seen on the road from Kalidiingi to Naini Tal. 

B. —Metamorphie rocks. Schists, quartzites; different varieties of gneiss; slates 
and greenstones. Seen at Naini Tal, and from thence to Munshiari. 

C. —Gneiss, with numerous granite veins. Seen between Munshiari and the 
upper Botia villages of Burl'd and Milam. 

D. —Sedimentary rocks,* corresponding to the older, secondary, and newer rocks 
of European classification. Seen between Milam and the Sutlej river. 

The Chiteli slate forms a horizon in the class of rocks under the heading B,—(lie 
same class in which the greater portion of the mineral wealth of the Himalayas is contained. 

The general quality of the Chiteli slate bears favorable comparison with other Indian 
specimens; hut it is below the standard of typical Welsh slate. 

Quality.*—It differs from the latter in splitting along the planes of lamination, instead 
of the planes of cleavage. It is coarser in texture: more silicious (sandy), heavier, and 
has a duller ring on being struck. Assuming the value of typical Welsh slate as 10, 
the general value of the Chiteli slate would not he more than 6. There are, however, 

* From this band come tbe Ammonite# (Srdiprrlm) and the JJelemnifea (Chuchi pathar), which those who 
cross the snows brinjr back with them ns mementos of their travails and their travels. 
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some slates.—those occurring about. 40 feet below the slates that crop out at the top edge ot 
the spur above the quarry.—which are of somewhat higher value, being closer grained, possess¬ 
ing very even planes of lamination and splitting into thin slabs. These slates form a dis¬ 
tinct band, their colour being darker than that of those above them. 

In recommending which slates should be utilised, I would certainly say the lower ones ; 
the upper slates being altogether coarser and containing some iron galls. 

I am sorry that I possessed no means of testing the absorbing power of the specimens 
which I brought away with me from the quarry. But Captain Birney assures me that he 
has carried-on experiments during the past twelve months to prove the porosity of the slate, and 
that the results have been satisfactory. Captain Birney, to further test the slate, had exposed 
several slabs to the action of the weather. All, with the exception of one which had 
cracked, were perfectly sound when T examined them. The cracking of one slab I look upon 
as a matter of little moment as affecting the quality of the slate, for all the specimens had 
been procured from near the surface; and I believe that this cracking will not occur when 
the slates are quarried from a lower depth. 

Supply-—With regard to the question of supply there need be no fear. If the spur 
of the hill be opened out on both sides, there will be a store of slate moro Hum ample to 
meet all the demands of the barracks at Eamkhdt. The beds have only to be followed along 
their strike to yield an unlimited amount of slate. 

To conclude. I consider the Cbiicli slate good enough for roofing purposes. And that 
slabs less than ' of an inch in thickness and much more than a square foot, superficial measure¬ 
ment, may easily be obtained. 

I would recommend, should the working of the quarry he determined upon, that some 
competent person should be appointed to pass the slates. Native labourers are too indifferent 
to take any interest in their work, so that no dependanee can he placed upon them ; and they 
would just as willingly Waste their time in splitting had slate as they would in splitting good. 
The employment of one or two skilled slab-men to supervise the other labourers and also to 
work, would in the end be more economical than trusting to the local abilities of the Chiteli 
villagers, as they would probably spoil through carelessness an endless number of slates. 

Note on the lead vein near Chicholi, Raipur District, bv W. T. Blanford, Esq., 
Assoc.. Rot. School of Mines, Dep. Supdt,, Geological Survey of India. 

The following is the result of a. brief surface examination of the locality near Ckicholi 
at which lead was discovered three or four years since by Mr. Smart of the Revenue Survey. 
The spot is rather more than 70 miles west of Raipur on the road to Bluindara and Nagpur. 

The ore (galena) occurs in a well marked vein, cbielly composed of quartz, which 
traverses the metamorphic rocks. The latter are not, well seen in the neighbourhood of the 
vein, but in the surrounding country consist chiefly of granite or granitoid gneiss and 
hombleud schist passing into diorite. Besides quartz the vein contains pink felspar in 
considerable quantities, green and purple fluorspar, and a green mineral, probably epidote. 
Galena is sparingly disseminated throughout the mass for some distance on each side of the 
road, and I found slight, but. unmistakeablc, indications of the presence of copper; small 
quantities of the green carbonate occurring in several places. 

In some parts of the outcrop there is a large quantity of peroxide of iron, sometimes 
as a coating on the surface, sometimes irregularly mixed with quartz (“ gossan”), and 
evidently resulting from the decomposition of some other mineral. This is a common 
occurrence at the outcrop of mineral veins, and is. 1 believe, usually considered a favorable 
indication by miners, in copper veins at least. But the value of such indications depends 
greatly upon local conditions. Large masses of peroxide of iron and quartz, or “ gossan" 
as it is termed in Cornwall, are seen just north of a little peak about quarter of a mile north 
of the road. 

The direction of the vein is N.-10°-E.—S.-10°-W.: it forms a series of ridges, some 
of which are at least 100 feet high above the surface of the ground. I traced the vein for 
about half a mile north of the high road and for at least a mile to the south. 

Beyond the distance mentioned to the north. I could find no signs at the surface of its 
occurrence, but I did not search far. To the south it doubtless extends beyond the spot to 
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wiiich 4 traced, it. and a hill is seen in the direction in which the vein runs, which may bo 
formed of the quartz. 

The width of the vein, as usual, varies greatly. Near the high road, both north and 
south, it cannot be much less than 30 feet. About a quarter of a mile to the south, this 
thickness gradually decreases to about six feet. At this spot the veinstone rises like a wall 
above the surface of the little ridge formed of its quartzose debris, and the direction of its 
dip, obscure elsewhere, is distinctly seen, It here underlays to the eastward at an angle of 
about 10° from the vertical, in other words, it dips at 80°. Beyond this, to the south, the 
thickness probably diminishes still further, as, for about quarter of a mile, the vein can no 
longer be traced at the surface; beyond that distance it again forms a ridge of some height. 

It is simply impossible from the surface examination of a metallic vein, especially in a 
district where no mines exist, to ascertain what its value may he below the surface. All 
metallic mines are more or less speculations. Taking into consideration the large amount 
of veinstone exposed, the. proportion of galena seen is small, and unless the quantity of lead 
ore be greater below the surface, it will not alone pay for the working. It should he observed 
that the fresh unaltered appearance of the galena found render's it impossible that its paucity 
is due to the greater portion having decomposed. But larger masses may occur below, anil 
there is also a probability of copper ore being found. The occurrence of the ores in a well 
marked vein is certainly a most important circumstance, and I may add that it is the first 
instance of a distinct metallic lode that I have seen in India. 

Altogether I think it may safely be stated that there is nothing in the appearances 
presented by the Chicholi lode inconsistent with the occumnice of a good vein of lead and 
copper ore below the surface. There are two disadvantages in the locality : the absence of 
workmen acquainted with mining and want of water, not merely as a motive power for 
pumps, &e„ but for stamps and washing floors. But these are only questions of expense, and 
should rich ores occur, will readily be overcome. 

At Wurdband, 16 miles east of the Chicholi lode, two rather irregular quartz veins occur, 
forming hills of considerable size. I saw no traces of ore or of fluorspar in these, but my 
search was necessarily hurried. The direction of these veins approximates to that of the 
Chicholi lode. 

nth March 1870. 

Better specimens than before accessible have been assayed, and yielded 9 oz. 19 dwts. 
6 grs. of silver to the ton of lead. 

The Wardha river Coal-fields, Berar and Central Provinces. . 

The last notice of these coal-fields was given in the Kecords of the Geological Survey 
of India, Yol. II, pt. 4, p. 94. Since that time great progress has been made in the detailed 
exploration of the field, and it is now possible to give a tolerably accurate estimate of the. 
extent of area oyer which the coal can be traced, and of the amount which is available, in the 
vicinity of the river Wardha. 

This river Wardha forms the boundary between the Central Provinces, lying to the east 
of the river, and the ‘ Assigned Districts’ (Berar) and the Nizam’s Territories, lying to the 
west of the river. The same boundary is continued farther to the south by the Pranhita, 
as the stream is called after the junction of the Wardha and Wein ganga, and still further to 
the south by the Go da very, as the continuation of the same stream is called after the 
junction of the Pranhita and Godavery, near Siroucha, 

Previously to the recent exploration the only places where coal had been actually found, 
were a tew points exposed by the cuttings of this river. The whole surface near the river is 
so covered with widely extended beds of calcareous gravels and conglomerates (? pliocene) and 
thick masses of sands and clays and often of regur, or black cotton soil, that, as a rule, very 
few, and these very limited and imperfect, sections are seen and the structure of the country 
must to a large extent be imagined or built up from these small sections. Although thick 
beds of coal rfere visible in the banks of the river, their continuance inland could not be 
traced, and even whore the rocks were exposed, the denudation had been so groat, and the 
thickness of the covering clays, &e., was so considerable, that the outcrops of beds of such 
marked character as coal and coaly shale of 40 and 50 feet in thickness were entirely 
concealed. And it therefore was essential that actual borings should be put down. The 
results of a few of the early trials were given in the notice referred to above. (Vol. II. p. 94). 
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Shortly after the publication of that notice three additional sets of boring tools were received 
from Europe, and were at once turned to account. And sometime later, a steam boring 
machine of Mather and Platt’s construction was delivered at Chanda, and preparations were 
made for working it. I shall now give briefly the principal results obtained. 

The two brace headmen who had been sent out from England had both suffered from 
the climate. Mr. Hep pel had a very serious attack of fever, and was for a time dangerously 
ill. But he got over this attack, I am happy to say, and resumed his work as zealously as 
before. Mr. Lougridge had suffered slightly at several times from the effects of the sun; 
and I regret to say, the attacks became more frequent and severe, until it was necessary that, 
he should lie invalided and sent home at once. The advantage of his aid was lost from 
the very commencement of the open season. Mr. Bateman Smyths was appointed 
(10th December) in lieu of Mr. Lougridge, and has proved a most efficient and useful 
Superintendent of the Works. Mr. W. Penn Mather, who had had very considerable 
experience in boring with (lie steam boring machines constructed by the firm with which he 
was connected (Mather and Platt) and who had temporarily come to India, was appointed to 
take charge of the Steam Borer, and joined in the beginning of February. 

Taking up the narrative of the exploration from the time of last report published in these 
Records, T will now briefly give a notice of the principal facts. 

. I shall not at present delay to give the full details of the sections cut through at the 
various holes, but simply enumerate the localities where these have been put down and state 
the results. The details null more appropriately be given with a more detailed geological 
report. 

Up to November 1869, as already stated, only a few unsuccessful borings, in which nothing 
but thin unworkable beds of coal had been met with, had been carried out. A deeper boring 
to the east of Chanda town on the road to Moolh, and on the banks of the Jhurput 
N nddi, was then in progress ; and this was subsequently carried down to a depth of 248 feet. 
At this depth the progress made with the poor windlass power then at command was so slow, 
and the importance of determining the existence of coal elsewhere so much more pressing, 
that it appeared wise to stop this boring, more especially as there was nothing definite 
tending to show the probability of a change in the rooks within a short distance. "The tools 
were therelbre moved elsewhere. The same section is now being proved by the steam boring 
machine, with the additional advantage of testing the upper rocks for a considerably oreater 
thickness. The borings to the south of the town of Chanda, although it was evident that 
they had been put down altogether outside the outcrop or line where the known coal, if it 
Occur, could be traced, were not resumed, as it seemed better to reserve these for the 
monsoon, when men could find good shelter in adjoining bungalows at a time when it would 
not be possible to remain with safety in tents. A systematic examination, therefore, of the 
country extending northwards from the known hoal locality near Ghiigus was commenced, 
and has since then been steadily carried out. One additional borehole was put down between 
the pit sunk on the coal near Chaudur on the bank of the Wardha and Nokora. This was 
due west of the village of Q-hugus, and was intended to supply the information which 
we had been prevented from obtaining in nearly the same place by the loss of the mineral 
lifter in the boring there. The object of this was to prove the actual amount of variation 
which the seams showed within this distance of three miles. This variation will be best 
soon in the accompanying details. 

Ghfigfis North. 

Blank shale 
Coal 
Dark sandy shale 
Coal 
Blue shale 
Coal 
Coal with iron pyrites 
Coal 
Shale 
Coal 
White sandstone. 

Feet. Inch. 
2 0 
3 0 
3 0 
3 0 
5 6 

12 0 
4 0 
5 0 
0 6 

11 0 

GhugusW. of village. 

White sandstone 
Coal 
Shale mixed with coal 
Coal 
Sandy shale and coal 
Coal 
Coal and shale 
Coal 
Sandy shale 
Coal, good 
Coal, inferior 
Coal, good... 
Sandy shale 
Coal 
White sandstone. 

Feet. Inch. 
S 6 
3 0 
2 0 
3 0 
H 0 
1 o 
9 0 
7 o 

10 fi 
9 0 
2 0 

11 0 
0 2 

10 0 

N o k o r a. 

Black shale 
Coal ... 
Sandy shale, with a trace of 

coal,.. 
Coal ... 
Dark sandy shale 
Coaly shale with coal (bad coal) 
Black shale 
Coal, inferior 
Coal ... 
Sandstone mixed with shale 
Very dark shale ... 
Dark sandy shale 
Coal ... 
White sandy shale 
Coal ... ... 
White sandstone... 

Feet. Inch. 
1 6 
4 0 

2 10 
3 6 
5 4 
3 6 

lfi 10 
4 0 
5 0 
5 0 
3 0 
2 10 

21 8 
0 2 

13 0 

7 8 
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These borings are about li mile irotn each other; they are beyond a shadow of doubt in 
the same general beds and the same coals, whereas the very great amount of change in 
the thickness and character of the seams within this short distance is very evident. This 
is a very important point as bearing on the question of the economy of working. 

Proceeding northwards, two bore holes were next put down at Telwassa, near the 
river Wardha. The most southerly of these was intended to prove the beds below the 
thick coals, and to ascertain, if possible, the actual thickness of rock in this Lower Barakar 
group. It was carried down to 192 feet, and at this depth, when a few feet more would 
certainly have reached the Talchir beds below, the mineral lifter was allowed to get jammed, 
and in attempting to raise it, the steel valve box at the end was forced off and left in the 
hole, which was then abandoned. Some thin seams of very impure coal were found, as anti¬ 
cipated, just at the base of the series, but nothing worth working. 

The second boring was fixed about a mile further to the north, on the east side of the 
river, and here coal was cut at 68 feet below the surface, (of which 29 were surface soil); 
and the same series of beds asatGhiigus, again showing considerable variations, were pierced. 
Altogether 41 feet of coal of varying quality were cut through in a total depth of 138 
feet. (See Annual Report, Records, vol. Ill, p. 1-1). 

Another boring was commenced in the lands of the village of Gowarala, nearBhanduk. 
This was commenced, under a misapprehension of the instructions given, about half a mile 
from where it was intended, to have been, but was useful, inasmuch as the cutters struck 
the Talchir i-ocks immediately under the surface clay, and thus effectually proved the 
absence of coal there. 

Two other borings were put down at points intermediate between the Telwassa borings 
just alluded to and the pit near Chandur. These were near the villages of Belora and N i 1 j a, 
both in Bexar. Both proved the continuance of the same group of beds of coal and shale, 
exhibiting quite as markedly as elsewhere the great and sudden variation in its character 
and sub-divisions. 

It was next desirable to prove that the coal found on the Chanda side of the Wardha, and 
there dipping to the west, did actually extend into the country of Berar on the west of the 
same river. To the south near the villages of Pipalgaon and Ukni small faults affect the 
continuity of the rocks, and just opposite the point at which the boring in the Telwassa 
grounds had been put down, tire series has been thrown down to the south of a limit which 
crosses the river. This has enabled some of the beds higher in the series of beds over-lying 
the coal to be here preserved. And they overlap the coal beds to a greater extent than is 
seen in the adjoining and more denuded area. To test this part of the field, a bore hole 
was put down, which, however, was not sufficiently far to the west, to avoid this great over¬ 
lapping, and which, therefore, only touched the extreme outcrop of the coal beds. Another 
hole about a mile to the north proved very satisfactorily the entire continuance of the coal 
beds into the country on the west of the river, or into Berar. 

Tracing up the same series of beds further to the north, borings were put down in the 
lands of Konara. This was in the lower rocks (Barakars) and proved no coal: another boring 
was put down at Borgaon, also without success. Some three miles further north, a boring 
was put down on the Borar side of the Wardha at Goari (called also Agashi), but 
nothing but black coaly shales were found here. 

These borings were all in the lower rocks. Still further to the north in Chanda district- 
near the village of Majri, a boring was put down, first to the north of a fault which cuts 
across the beds there, with a view to proving that side, but without success, and then a second 
boring was commenced to the south of this fault, where the great overlapping of the beds 
was partially avoided, and here coal was found at 75 feet from surface, and gave a rough 
section of— 

Dark shale, a little coaly 0-2 

' Coal 51'8. And having proved this thick coal, we pro¬ 
ceeded no further. This thick bed, it must be remembered, is not all fair coal, but is split up 
with many beds of very varying qualities. 

A boring, still in progress, was also put down near Nandori, on the Chanda side of 
the river to the south of the large area of trap which covers many square miles of country- 
near to and around Wurrora. This thickness of trappean rocks effectually conceals 
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everything beneath them, and looking to the great irregularity with which the coal rocks are 
overlapped, and the impossibility of drawing any sound conclusion either as to the place or depth 
below the surface at which coal might be found, fully justifies our putting the entire of this area 
out of calculation in estimating the extent or quantity of the coal in these Wardha river fields. 
A boring will be put down to the north of this large area of trappean rocks where the lower 
bed s are again visible over a small area near Panj oorn i. a village about six miles north-west of 
Wurrora and probably near Wurrora itself. But, with this exception there will be little use 
in testing the rocks further in that part of the field at present. It is not at all intended to 
assert that the coal group does not extend under a considerable part of this area, but if it does 
so extend, the chances of finding it are so uncertain, and the depth at which it probably occurs 
so doubtful, and in any case so much greater than in adjoining areas that, for the present at 
least, the coal even, if found, could not be worked to the same advantage or economy as 
elsewhere. 

A boring has also been put down in the Berar country well into the centre of the field 
and some six miles in a right line from the river Wardha. This was at a place called Raj ur, 
which is near Naith or Net, and about ten miles to the north-west of Win town. This was 
simply intended to test the continuance of the coal under the upper rocks, which cover the 
whole surface there. Up to the latest reports, 15 feet of coal had beeu cut into there, quite 
sufficient to show satisfactorily that the rocks continue. 

Two or three more borings will now prove the whole of this northern part of the field 
with perfect sufficiency, and with detail quite ample as a basis for commencing the actual 
work of raising coal. 

To the south of Chanda, the sections at Balarpur, where good coal is visible at the water 
level in the river Wardha, in the territories of His Highness the Nizam or on the west side 
of the river, have been examined. It was concluded from this examination that there was not 
much prospect of finding this coal extending into the Chanda district, as it had in all 
probability been very largely denuded or washed away and its place now filled in with beds 
of great thickness of alluvial clay and saud, &c. Still borings were put down to test the 
fact, and the rocks were proved at both sides of a marked fault which crosses the section from 
north-west to south-east, the rocks being down-thrown on the east, hut to what extent it 
was not possible to calculate from the limited exposure visible. These borings proved the 
existence of a few thin beds of coal, 1 foot to 14 I'vet, but nothing worth working.* The full 
examination of the northern part of the field bad then become so much more urgent that 
the tools were removed there. 

All the country south of Balarpur still remains to be examined. There is a certainty 
of coal occurring in the Nizam’s territories in the area between the Pemgnnga and the 
Wardha, and a few borings are there required to test the thickness and quality of this coal. 
The area stretching from north to south throughout the district of Chanda from east of 
Wurrora to Bhanduk and Chanda, and southwards by Balarpur to the Wardha 
near Kinnirri, is all composed of rocks which belong to series above the coal. It is there¬ 
fore possible that coal may be found to extend under these rocks and so cover a large area. 
But there is not a trace of these lower coal bearing rocks visible anywhere along the line, 
excepting close to Chanda town. And as the covering rocks dip sharply to the east all along 
here a short distance only in that direction would throw the coal so deep below the surface 
that it could not he profitably worked in competition with the more accessible and more 
favorably placed coal elsewhere. This area ought to be tested by a series of well selected 
borings at long intervals, and if coal be proved, as I fully anticipate it will be near to 
Chanda, the indications should be followed up carefully. There is no surface evidence what¬ 
ever to guide the observer excepting there. I have already mentioned why the borings 
at. Chanda had been deferred until the monsoon weather. But when they are commenced, 
it will be needful to exercise a little more geological skill than had beeu shown before, for 
the holes which were bored were altogether outside or below the horizon of the thick coal 
which it was sought to prove 1 

No other group of beds containing coal in a workable thickness has been traced in the 
field, and none other probably exists. It has been shown that this group of thick beds of 
shale and coal maintains a constant horizon in the general series, that it is largely and 
irregularly overlapped by the beds which succeed it. and that with a great amount of variation 

* It is staled (Snpp. tin/ India, Jan. IS, 1-70, p. 30.) that a} feet of coal were proved at a depth of 120 feet 
from surface, within half a mile of Ualarpur!! Noun of the records of the borings hear unt this assertion. 
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there is still a constancy and continuance of the beds, which is satisfactory. In the 
former report I gave the results of assays of the coals raised from each successive foot in 
the ooring at Grhugus; and I showed also what an admirable general index to the value 
of the coals such assays were. I have had the same done for the coals cut through at 
Telwassa, and I now give the results of these assays* It will be seen that the composition 
of the coal raised here is very similar to that atfihugus, and that, as a whole, the coals are of 
very second rate quality. As shown by assay (Records, Geological Survey, India, vol. II, 
pt- 4, p. 99), the uppermost seam at Ghugus was good bright coal. And so it proved mi 
cutting into it iu the pit sunk not far off. Bat like all the bright clean coals of this lower 
group, it also turned out very brittle and fragile, so that it would hear carriage badly .+ 

* Assays or Coai from the Chanda Districts. 

From No. 1 Seam passed through at No. 2 Fore hole, Telwassa. 

Nos. Carbon. Volatile. Ash. Nos. Carbon. Volatile. Ash. 

i 30-9 29-8 39-3 18 . 44-4 34-6 21-0 
2 

j 42-5 32-3 25*2 19 48-9 30-6 20-5 
3 20 . 49-4 30-4 20-2 
4 41-6 32-8 25-6 21 . 50-3 33-4 16-3 
5 34-2 32-3 33-5 22 . 44-0 31-8 24-2 
6 35-1 26-7 38-2 23 . 50-4 31-8 17-s 
7 . 36-9 267 36-4 24 . 50-2 330 16-8 
8 330 25-4 41-6 25 . 46-7 32-6 20-7 
9 42-4 31-6 26-0 26 . 51-4 30-6 18-0 

10 39’1 29-4 31-5 27 . 51-3 30-6 18-1 
11 43-9 32-3 23-8 28 . 51-2 32-2 16-0 
12 46-2 33-4 20-4 29 . 53-0 30-4 16-G 
13 45-4 33-8 2U-8 30 . 52-3 33-4 14-3 
14 43-8 34-2 22-0 31 . 52-0 32-0 160 
15 45-9 36-0 18-1 32 48-2 30-2 21-6 
16 41-9 34-0 24-1 33 . 43-8 27-4 28-8 
17 . 374 32-2 30-7 34 . 50-1 30-6 19-3 

From No. 2 Seam passed through at No. 2 Bore hole, Telwassa. 

Nos. Carbon. Volatile. Ash. Nos. Carbon. Volatile. Ash. 

1 46-3 34-5 19-2 5 . 44-2 335 22-3 

2 51-2 32-5 16-3 6 . 43-2 29-8 27-0 

3 43-3 29-0 27-7 7 . 43-4 31-4 25-2 

4 49-3 34-0 16-7 8 . 47-3 28-6 24-1 

All bunt similarly to the batch sent last, September, i. e., vigorously at first, out alter me expulsion oi rue 
volatile matter only slowly down to the ash. Tlic ash of all the samples (which has been preserved) is very similar, 
25 grains mixed of Nos. 81,82, 33 and 34 on being treated with sulphuric acid, hydrochloric acid, and carbonate ot soda 

left an insoluble residue of 7’6 grains. . , 
On closely inspecting some of the samples some small fragments of a much superior coal may be pe eeived. 

From Xo. 2y, which appealed to contain some of the largest of these, I picked out suiticient to make a separate 

examination. This gave the following result 
Carbon ... ... ... - ••• - 
Volatile ... ... ... ... - ■ 
Ash ... ... ... ... ••• ••• - 60 

(Signed) 

f This brittle coal could be coked with advantage. 
February 28th, 1870. 

A. Tween. 
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The coals below that were very inferior, and much that has subsequently been furnished from 
the sinking at this pit for the use of the steam boring machine is scarcely worthy of 
the name of coal at all, with difficulty keeping up the fire, and not giving steam at all 
in sufficient quantity. The present assays show that this is the character of much of the 
Telwassa coal also. One thing is quite certain that, as pointed out long since, any estimate 
ot value based ou the duty obtained from carefully selected coal from these will certainly 
give a false idea of the average value of the whole ; while in any ordinary mode of mining, 
the irregularity of these better beds, and the certainty that they will not continue for any 
great distance ou the same horizon, will seriously interfere with the economic working of 
seams of such thickness as those we have shown to occur. 

It remains to consider what is the amount of coal which may be considered fairly and 
economically accessible in these Wardha river coal-fields so far as examined, that is, in other 
words, in the country lying between the Wardha and Pemguuga rivers in the south and 
the general outline of the trappean rocks which cover everything on the north. If we 
take this estimate in two distinct portions, as referring to the east and to the west side of 
the river Wardha, we can then combine the two to get the general results. In Wi'm 
district, to the west of the Wardha, there may be estimated to he about 70 square miles of 
country under which the thick coal may fairly be presumed to extend, and will probably be 
found nowhere at a greater depth than 120 yards below surface. Now, from this wo must 
deduct a fair proportion for ground cut up by faults and disturbances, and so not likely to 
yield very profitable return from the working of the eoal. If for this we deduct, say, one- 
third of the area, we will have 45 square miles yielding coal. The average thickness of 
coal established by the numerous trials may be taken as nearly 40 feet, that is, of coal, 
coaly shale and beds of varying character taken as a whole. As I have shown, a very large 
deduction from this must be made, and I believe that an admission of 20 feet would be not 
only a maximum thickness of workable coal, but be even too high a figure. But taking 
this as 20 feet of workable coal over 40 square miles, and assuming 600,000 tons as a fair 
amount of coal obtained from the square mile per foot iu thickness, we have 
600,000 X 40 x 20 = 480 millions of tons of coal, of such quality as it is, available in East 
Berar at depths below the surface not exceeding say 60 fathoms. 

Passing into Chanda we have equally an area of about one and half square miles near 
Gliugus, (making the same allowance for disturbed ground as before), and an area of about 
five square miles in the north of the field. And as the beds of coal are precisely the same, 
we take here the same estimate of thickness, viz., 20 feet of workable coal. And proceed¬ 
ing on the same data, we will have, therefore, in Chanda, 600,000 x 6’5 X 20 = 78 millions 
of tons. This latter result fully bears out wliat was stated months since, that there was 
a very much larger amount of coal available in the ‘Assigiied Districts’ than in 
Chanda, in the vicinity of the Wardha. 

We certainly ought not to estimate more that one-half of these quantities of good 
coal. 

While engaged in the practical exploration of these coal-fields. I had frequent applica¬ 
tions from tho Engineers employed in making trial sections and estimates for a proposed 
line of railway for information ns lo the position, quantity, and quality of the coal, and 
as to the general question, which would he the lino best adapted to meet the requirements 
of the case, so ns to facilitate the transport of this coal to the existing lines of railway 
to the north and southwards to the Godavery. It was also asked that the opening up 
of the cotton country should be borne in mind. Every information was readily afforded 
from time to time as new facts were ascertained. 

But this necessarily led to the consideration and discussion of the best direction in 
which to carry a line of railway with these avowed objects. Tin1 intended point of junction 
with the Bombay and Nagpur line was stated to be the Wardha station, and it was at first 
assumed that the line must go to Chanda or through the Chanda district. Long since I 
pointed out that it required but a very trifling acquaintance with the country to show that by 
much a larger area of eoal existed in Berar than in Chanda, and that it was simply 
misleading opinion to speak of this coal-field as the Chanda coal-field. I also had occasion to 
show that, t he pit which was being sunk to the coal near Ghtigus was quite unnecessary if it 
were only intended as a means of trial of the coal, and that if intended as a moans of working 
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the coal afterwards, it was injudiciously placed, and must be for years to come superseded 
by others more conveniently located. Such general considerations, however, based on a view of 
the field at large were of little avail, as compared with ‘ practical’ views, and the work was 
hastily pushed on. It is to be hoped that the fact, that the Geological Survey have since then 
pointed out the exact localities for borings and have thus proved the existence of coal within a 
few feet of the surface, where, they wore told, ‘ such trials were only foolish blunders,’ evincing 
an ‘utter ignorance of the teachings of Mining,’ and were ‘at places where it was impossible 
that coal could exist,’ will be a warning to future enquirers in their researches, and that they 
will at least try to make themselves acquainted with the geological structure of the area they 
are about to examine before they trust to preconceived notions or permit themselves to be 
swayed in their investigation of facts by personal wishes or local tendencies. 

The facts stated above are sufficient to show that if the object of a proposed line of 
railway be to accommodate the largest amount of coal traffic, there cannot he a shadow of 
doubt that that line of railway should go right into the middle of t he Wlin district. 

The consideration next in importance to the establishment of a free communication with 
the coal-fields was stated to he ‘ the opening out of the 1 Lingunghat cotton country.’ 

But what is the King unghat cotton country P Bv much the larger portion of the cotton, 
which now finds its market at Hingunghat, and all of which is shipped or sent away as 
Hingunghat cotton, is not grown in the immediate vicinity of Hingungliat, hut is brought 
from very considerable distances. Previously to the opening of the Nagpur branch of the 
Great Indian Peninsular Railway, a large share of its supplies was drawn from the couutry to 
the north and north-west of the place, and much excellent cotton was brought to Hingunghat, 
even from Anvee, 50 miles to the north-west, and from the districts in that direction. All this 
cotton now finds Its natural outlet at the nearer marts of Wardha and other places on the 
line of railway, and scarcely a load, as might have been anticipated, crosses this new line of 
communication to reach Hingunghat on the south. The country lying between H in gun ghat 
and Wardha must also naturally seek the nearest markets for its produce. For the Hingun¬ 
ghat market, therefore, the supplies must now be derived from the south, south-east, 
and south-west. But to the south.east, and partly to the south, on the oast of the river 
Wardha, with the exception of a small area near to the town, the country is almost an 
unbroken jungle for hundreds of square miles. The so-called 1 southern road,’ although it 
passes very near to the large towns of Wurrora and Bhanduk, scarcely touches even isolated 
patches of cultivation for its entire length from near Hingunghat to near Chanda, and 
again south and south-east of Chanda it sweeps fur mile after mile through dense jungle. 
This belt of forest jungle is in places 30 to 40 miles wide from east, to west, and not 
only does this immense area not yield any cotton at the present, hut it is of such a nature 
that no reasonable hope of its over producing cotton profitably can be entertained. The 
surface deposits are derived from the decomposition of coarse ferruginous sandstones and 
other silicious rocks, which yield a dry thirsty sandy soil, in which the cotton plants can¬ 
not flourish. Between this immense range of forests, yielding little hut mere jungle produce, 
and the Wardha river there is a belt of open ground varying in width from two to ten miles, 
over which are spread thick deposits of alluvial clay and occasionally regur in which a 
fair amount of cotton is grown. But, as shown, this area is very limited, and the amount 
of produce must he equally so. On the other hand, to the west of the Wardha, the country 
is open and cultivated, and produces largely of cotton over an area very many times the 
extent of the possible cotton yielding country of Chanda. And besides this large area in 
Berar itself, immediately adjoining to it on the south, is the rich and well known district of 
Edlabad in His Highness the Nizam’s territories, from which, even at present, with all the 
difficulties of long land carriage (at least (10 miles to Hingunghat) and heavy rivers to 
cross, by much the most valuable portion of the ‘ Hingunghat cotton' is obtained. I was led 
to these considerations myself while engaged in the careful examination of the country (and 
few persona, if any, see the country with the same detail that geologists do), but I have also 
been confirmed in this view by those actually engaged in the cotton trade, and who, therefore, 
were personally able to ascertain the facts. Mr. F. Cuvwen, agent for Warwick and Company, 
by far the hugest, dealers in Hingunghat cotton, stated to me on enquiry that he had given 
particular attention to this important question of where the cotton which came to that 
market was grown, and had ascertained that taking the ordinary annual sales at Hingunghat 
as about 30,000 bales, not more than 2,000 out of that quantity were the produce of land 
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i.i iir the town, and to the south and south-east of it on the left side of the Wardha river; 
by far the largest portion and the best quality coming from the .Nizam’s territories (Edlabad, 
&c.,) and from East Berar.* 

Equally, therefore, if the object he to open out this valuable cotton yielding country 
by a line of railway, that railway must be carried through East Berar and to "the west 
of the Wardha. 

At present the route commonly taken by the carts bringing cotton to Hingunghat is 
through Wun, crossing the Wardha river to the south-west of Wurrora, and passing through 
that town to Hingunghat. In this way it is‘that strings of cotton carts may be seen 
making their way to Hingunghat,’ but a very small portion indeed of their loads is derived 
from Wurrora or Ch an da, or any place on the east of the river. 

These facts also account for the small and ‘not increasing’ cotton trade at Wurrora, 
which is too near to the larger and more important mart of Hingunghat and too far from 
the main source of the raw cotton to absorb much of the trade. There can be no doubt that 
if once railway communication be opened up into the Win and Edlabad country, new marts 
ami presses for cotton will rapidly spring up in more immediate proximity to the places of 
growth of the crop, where the risks of injury from exposure on open carts and from delays 
in bringing to sale will be reduced to a minimum. And in this point of view, it may be 
well deserving of consideration whether the necessarily reduced trade of Hingunghat will 
then repay the cost of construction of a branch line of railway. 

Other special objects to be gained by the construction of a branch line of railway were 
stated to be the utilization ot the timber forest of Ahcree ami the connection of the Goda- 
verv navigation with Central India. To accomplish either of these objects, it is essential 
that the proposed line should be carried as far to the south as the bottom'of the third barrier 
»n the Godavery river, or to the town of M ogcli, or rather Talye or Tala wye, on the 
west, or of Dewalmurri on the east of the Pranhita. To accomplish this, it was proposed 
lo curry on the line, which it was assumed would go to Chanda town, lo Kirmirri, where 
a sound rockyt foundation for a bridge would be obtained, and crossing the Pranhita 
there to proceed to Mogeli, on the opposite or west bank of the river. How the timber of 
Ahcree which lies away from the river on the east side was to reach the railway on the 
west I. know not. But there is little need to discuss this, for the surface of the country 
to the south of Chanda town offers physical difficulties, which will prevent any economical 
construction of a line of railway there. The line, alluded to above, if carried into East 
B"rar could, on the other hand, be prolonged to Mogeli, or Talye, without meeting with 
any equally serious dilliculty. It could cross the Pemgunga above the junction of the 
Wardha, where the body of water and the cost of bridge would not he one-half of what it 
is at Kirmirri, and where it would be close to coal. 

Exactly the same arguments suggest themselves if we consider the connection of the 
Godavery navigation with Central India, to accomplish which, the main point would, of 
course, be to obtain the cheapest and best road to the bottom of the third barrier. But to 
these may also ho added the fact, that there is every prospect of a considerable area of coal 
in the Nizam’s territories between the Pemgunga and tbe Pranhita, all of which would be 
economized by a line of railway on that side of the Pranhita, but would be useless or nearly 
useless if that communication were carried out on tbe opposite bank, where no coal occurs. 

Any advantages anticipated from tbe introduction of the Wardha. coal into the southern 
parts of the Peninsula (Madras, Hyderabad, &e.,) would be common to either line. But these 
may be. I think, put out of present consideration altogether. If, on further investigation, 
the coal known to occur near Duinagudium and to the south of that place prove abundant 

* The Tehsildar of Wun reports that, the ground under cotton cultivation this year was 28,177 acres: the 
average produce for each acre was 76£lbs.} the total produce 1,077,770 seers - 0,000 bojas, or 18,000 guttas (bales). 
Besides tlie above, about 12,000 bojus, or 24,000 guttas, are carried through this taluq to Hingunghat from His 
Highness the Nizam’s territories, from Rnjur, Manikgur, and Edlabad taluqs.—April 1870. 

t It is a singularly perverted misapplication of a tolerably well known geological term to speak of the wide 
spread area of crystalline rocks which are exposed at Kirmirri and to the east as a “ gneiss dyke.” The only 
real use of Hueh special terms is to convey accurate ideas without the necessity of long descriptions, but if employed 
when their meaning is not known they must have exactly the opposite effect, and must lead to confusion and 
obscurity. 
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and of fair quality, there would be no hope of contending with that field for the supply of 
Madras or elsewhere to the south. And it is greatly to be regretted that Colonel Haig was 
not supplied with the means of investigating this very important question during the present 
year. And in any case coal does occur many miles to the south of the Chanda coal in the 
Nizam’s territories, which is much more conveniently placed for meeting any demands from 
the south. 

Other considerations have been introduced incidentally as it were, which may he just 
alluded to. 1 The rich iron ores of Chanda would before long,’ it is said, ‘ he smelted at 
foundries near the coal-field.’ Whether such a rapid introduction of iron works can fairly 
be looked for under any circumstances is more than questionable. That rich iron ores do 
exist in the Chanda district is well known, and equally that they exist in practically cxhaustless 
quantity (there is a whole mountain nearly a mile long of magnetite in one place), but these 
ores do not occur near the coal-fields. There is also haematite ore in the Yanak hills, near 
to where the line of railway if carried down there ought to cross the Peingunga, and near 
to coal. 

In all these remarks 1 would say that I have purposely avoided entering on any ques¬ 
tion of the comparative facilities, or comparative economy of construction of any such line. 
Some years’ experience in laying out and making railways might justify nty discussing these 
points, hut I have known so many instances of absurd mistakes as regards sections and 
estimates for such works based on a mere inspection of the ground, or put together on the 
information of others only, that I would not venture to offer an opinion without actual 
survey. Nor is there any necessity to do so. Trial sections have, I believe, been taken over 
both the lines referred to, and 1 am much mistaken if these sections have not shown how 
entirely below the mark the first estimate of the cost was. But, emteris paribus, I merely 
wish to assert, that a line of communication direct from Wardha into East Berar will 
accommodate any likely traffic in coal, and will open out the cotton country infinitely better 
than a line direct to Chanda, or through the Chanda district. 

I cannot close without noticing how much, in my opinion, this matter has been obscured 
by the unhesitating adoption of the term of the Chanda coal-field. It so happens that just 
there the territory immediately adjoining is under a separate government, and belongs to a 
different jurisdiction, and the very existence almost of the Berars has been scarcely alluded 
to in discussing lines of communication, which were to be designed for the benefit of the 
country at large. Bat geological formations are not coincident with political boundaries fixed 
for the convenience of man. Such examinations acknowledge no fiscal limits: we have but to 
ascertain the facts carefully, and then to state them freely, convinced that any attempt to 
force the teachings of those facts into a preconceived groove of local tendencies must fail 
sooner or later, as does every such effort to ran counter to the laws of nature. 

Whether even the large extent of coal proved to exist in Berar, of a quality such as it 
is shown to be, and varying so much as it does at different points, will repay the charges for 
construction of a line of railway, is, I think, worthy of much closer consideration than it 
has yet received. The calculations which have been gone into in great detail, although 
correct in themselves, are based on data, which even the few weeks that have since elapsed 
shorv to be fallacious. English coal was taken as costing at Bombay on an average 11s. 30 
per ton; at Nagpur Rs. 60 to IIs. 70. And it was calculated, even allowing for the use of 
two tons of local coal instead of one of English, that at any place east of Bhosawul a saving 
of £16*., or Rs. 13 per ton, would be effected by the use of Ghfigtis coal. The price 
of English coal at Bombay is now, April 1870, Rs. 14 per ton, that is, less than one-half 
the price calculated, or a difference in first cost greater than the estimated saving !! I do not 
believe that this rate can be maintained, but it is quite possible that the continued use of the 
Suez Canal will tend to reduce very considerably the average cost of English coal at Bombay. 

This one item alone would totally upset all the calculations of cost, of profit, and of 
traffic even. And before it can be asserted that a branch line of railway to the Wardha 
river coal-fields will even repay interest on the cost of its construction, vastly more careful 
and more widely gathered statistics, both as to cost and amount of traffic than have as yet 
been hastily procured, or at least published, must be sought for. 

May l.sl, 1870. T. Oldham. 
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Report on the Coal at Kobba in the Bi las pur District, by W. T. Blanford, Esq., 
P. G. S., Ass., Royal School of Mines, Dep. Supdt., Geological Survey of India. 

1. Locality and mode of outcrop.—The village of Korba is situated in the eastern 
part of the Bilaspur district belonging to the Chhatisgarh (Chutteesgurh) division of 
the Central Provinces, and is the residence of a zemindar who owns a large portion of the 
surrounding country. It lies on the left or eastern bank of the Hasdo river, a large tributary 
of the Mahanaddi. This stream has in most places a broad Bandy bed, varying, however, from 
about 200 yards to above half a mile in breadth. The country around K o r b a for many 
miles in all directions is Hat or very gently undulating and usually covered with clay. 

Coal is exposed in two places close to the right (western) hank of the river just below 
Korba. The exposures are in the bed of the river, no section being seen in the bank itself, 
and, as will presently be shown, it is probable that both belong to the same seam of coal. 
A very slight rise in the river is sufficient to conceal both outcrops. 

The lower outcrop, which is about half a mile below the village, is the best suited for 
examination, as both the top and bottom of the seam are exposed. A considerable proportion 
of the section is above water during the dry season, although there is always a great thiek- 
uess concealed. The seam is remarkably thick, but owing to its mode of occurrence it is 
impossible to measure it exactly'. It may, however, be computed sufficiently closely for all 
practical purposes. The dip varies in inclination from 13° to about 18°, and in direction 
from N,-'30°-E., at the northern extremity of the section, to N.-l(!°-E. at the southern end. 
The horizontal breadth of the outcrop at light angles to the strike is 350 feet, and, taking 
the average dip at 15,° the corresponding thickness is 90 feet. This, I believe, is rather below 
the truth than in excess of it. 

Both above and below the coal massive felspathic sandstones occur. Below the seam 
hut a small thickness of those rocks is exposed, but above it at least 400 or 500 L'eet are seen 
in the river. 

2. Section of Coal seam and quality of Coal.—Of course the great thickness already 
mentioned does not consist throughout of workable coal. Bands of shale and of inferior 
coal ai'e interspersed, as is more or less the case with most Indian coal seams. From the 
imperfect manner in which the seam is exposed, especially towards the base and from the 
surface, as usually happens in similar positions, being extensively decomposed, it is impossible 
to obtain a correct idea of the quality of the coal without cutting into it. I consequently 
bad a series of small pits dug, six to seven feet deep, and from these and the portions of the 
seam fairly seen in the river bed, I obtained a good section of the whole thickness with the 
exception of about ten feet. To examine these few feet would have caused some delay with 
the means at my disposal, and I had already fully' ascertained the existence of a large pro¬ 
portion of good coal. 

The section of the seam thus ascertained is the following. Of all the bands of coal 
to which letters are attached specimens have been transmitted to Calcutta for analysis :— 

Sandstone. * Feet. Inch. 

Shale, about ... 1 0 
Coal of quality ... ... 1 0 
Inferior coal ... 1 0 
Shale and inferior coal ... 3 3 
Good coal, an inch or two of inferior coal here and there ... 3 9 a 
Good coal.., ... 6 Ob 
Shale and coal mixed ... 1 6 
Good coal... ... 3 Oc 
Shale with bands of coal ... 3 6 
Good coal... ... 4 0 d 
Coal and shale mixed 2 0 
Shale with hands of coal 2 0 
Coal of fair quality ... i 6 
Inferior coaZ- ... 0 6 
Good coal... ... ... 5 6 e 
Shale ... 0 6 
Coal ... 0 3 
Shale ... 2 0 
Coal ... 1 0 
Shale and inferior coal ... 2 0 

45 3 

Carried over 45 3 
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Sandstone. 

Good coal 
Shale with bands of coal 
Shale and coal, the latter good in part 
Coal rather inferior in part, but generally good 
Shale 
Good coal 
Not exammedy about... 
Shale ... 
Good coal 
Not examined, about.. 
Good coal 
Shale ... ... ... 
Good coal containing one or two thin bands of shale 
Not examined, about... 
Shale 
Good coal... 

Sandy shale 
Sandstone 

Brought forward 

Feet. Inch. 

45 3 
4 Of 
3 0 
3 0 

• 3 6 
1 0 
1 0 
3 0 
1 0 
4 og 
3 0 
4 0 
0 4 
6 8 i 
3 0 
0 4 
2 8 j 

The above section shows a minimum thickness of 50 feet of fair coal. The proportion 
is probably nearer two-thirds of the seam. The best bands appear to be those marked 
b, g, and h ; portions of these and especially the lower two feet of h * appeared to me equal 
in quality to any coal found in the Banigunj field. There is some iron pyrites here and 
there, bat not throughout.. The coal ignites readily and burns well with rather more 
flame than is usual in Indian coal obtained from the surface. The ash left is lar°-e in 
quantity and partly red, partly white. 

Probable extent of seam—Meta.nii>rphic rocks are seen in the Has do about three miles 
south of Iv o r b a, and also at about the same distance to the north : these mark the limits of 
the beds accompanying the coal in those directions. East and west the coal-bearing beds 
extend to a great distance,^ and to the north-east they are apparently continuous with those 
iorming the hills east of Churi and Sutringa, and these are probably part of one large field 
which has been found by Mr. Medlicott to extend beyond Sirguja. But unfortunately 
the surface of the country near K o r b a is so much covered with alluvial deposits that 
very few rocks are visible, and those seen are almost invariably coarse sandstones, the dip 
ol which can rarely be determined accurately. West of the Hasdo the concealment is even 
greater than to the east, while in the latter direction the whole country is an immense forest 
rendering the relative position of' the few outcrops met with very obscure. 

But little information can be derived from the rocks seen in the H a s d o. The second 
outcrop of coal occurs about 300 yards higher up the river than that already described, 
and close to the same (right) bank. It is distinctly seen to be faulted against the sandstones 
which overhe the coal exposed at the southern outcrop. About 50 feet of coal are exposed, 
neither the top nor the base of the seam being visible. The dip is very irregular and 
twisted owing to the fault close by; it averages about 12° to N.-10°-W. 

It appears more probable that this is the same seam as that seen a little further down 
the river, and that it is brought up again by the fault than that two seams of such unusual 
thickness should occur in the same beds. This, however, can only be decided positively by 
liming the coal at the more northern outcrop appears rather inferior to that seen to the 
south, but m the latter locality the central portion of the seam contains more shale and 
interior coal than the top and bottom, and it is the central portion of the seam which alone 
is exposed to the north. If the two outcrops belong to the same seam the fault has a down¬ 
throw on its eastern side of no great amount, probably not much above 100 feet. 

So far as any reliance can he placed upon the dips in the sandstones, the general direc¬ 
tion appears to be north by east to north-north-east for about a. mile up the river above 
thecoah Beyond this no rocks are seen. Just above the village of Korba on the left 
bank there is a reversed dip to the south-west, but it is probably local. 

, Bel7 the rtiem ro°k ^ only seen in the river at distant intervals ; the few 
sections observed appear to indicate that the direction of the dip changes to the eastward. 

* By a rough experiment, I obtained very fair coke from this part of the seam. 
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In this case the outcrop of the seam may pass for a long distance down the river, being 
concealed by the sand in the bed, which is here of great width. All dips seen appear to be 
lower than those at the outcrop of the coal, and it is highly probable that the amount of 
inclination may be higher at this spot than it is elsewhere, and the direction of the dip 
different in consequence of the fault close by. The circumstance already mentioned of the 
variation in both amount and direction of dip at different parts of the outcrops in the coal 
seam itself is in favor of this view. 

So far as an opinion can be formed on these very imperfect data, it appears that the 
rocks associated with the coal cover a large tract of country, and it is improbable that so 
thick a seam should thin out within a short distance. It is, however, quite in accordance 
with our knowledge of similar seams in other parts of India that the exact thickness, 
the quality of the coal, and the proportion of good coal to inferior coal and shale should 
he highly variable. 

If the coal seam be continuous it should be found west of the 11 a s d o throughout a tract 
from one to two miles broad, extending probably in a west-north-western direction from the river, 
the southern boundary of this tract passing through the more northern of the two outcrops 
seen in the river. East of the stream the scam should underlie the village of K o r b a and the 
river bank for at least a mile below and probably one to two miles above the village, and it 
may extend for an indefinite distance to the eastward, but it is possibly at a considerable 
depth below the surface throughout a large proportion of the area. 

It is evident that before attempting to open a coal mine, boring must he resorted to in 
order to ascertain the extent of the seam and its depth beneath the surface. The best places 
for boring will depend upon whether it is desirable that the coal should be extracted on the 
east or on the west side of the II as do.* 

If to the west, as the strike of the rocks is somewhat uncertain, the first boring 
should be made about a quarter of a mile west-north-west of the spot where the more 
northern outcrop appears in the river. Although the strike at the outcrop is west by south, 
there can he but little doubt that the normal strike is north of west, and that the alteration 
is due to the fault. Should the coal not be found in the first boring within a depth of 200 
feet, two others, one 300 yards further north, the other at the same distance to the south, 
should be made. When the true direction of the outcrop is ascertained, it will be well to con¬ 
tinue the borings along it at distances not exceeding half a mile apart, as any slight change 
of direction coupled with the high dip (if the latter be constant) will take the coal below 
the depth to which borings can most conveniently be made. There is also a possibility of 
other faults occurring besides that seen in the river. 

On the east of the II a s d o the question is simpler. The fault so frequently referred 
to must either pass through the village of K or b a or just south-east of it. West of the 
fault a boring behind the zemindar’s residence would probably pass thimigli the seam. 
East of the fault the best place for boring is at a spot where sandstone occurs in the 
left bank of the liver below Korba, due east of the more southern outcrop on the right 
bank. Owing to the rather high dip, these borings should be made to a depth of about 
400 feet, if coal be not found sooner. But, as I have already suggested, it is far from 
improbable that the high dip is local, and that on the left bank of the II a s d o the inclina¬ 
tion is less, in which case the coal may be found at a moderate depth. Other borings, 
if the above are successful, may be made at intervals along the east bank of the stream 
below Korba. To the north of K or ba the coal for some distance is probably at a con¬ 
siderable depth, but if continuous, it must again rise towards the surface between one 
and two miles north of Korba. It is, however, impossible to indicate with accuracy a 
good spot for boring in this direction. The best plan for examining the ground would 
be to put down a series of borings along a line running north-north-east from Korba at 
half mile intervals. 

Facilities for mining.—The dip of the seam where seen in the river, although con¬ 
siderable, is by no means so high as to he any impediment to mining beyond its effect 
in rapidly increasing the depth of the seam below the surface. The sandstone above 

* In case of a railway bridge being necessary across the Has do, Korba appears to ben more favorable 
spot than any other in the neighbourhood, as the breadth of the river is moderate and a considerable portion of the 
channel rocky. For several miles above and below, the breadth is very much greater, and the bed a wide expanse 
of sand. 
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the coal is firm and massive, and will probably furnish a good roof. The coal appears 
compact, the joints or “ backs” are rather irregular, but still sufficiently marked in general 
to facilitate mining. Some of the very best and brightest coal is as usual rather brittle, 
but the greater portion of' the seam bears carriage well. This bright coal, as I have 
mentioned, makes a very fair coke, and in that state is tar less brittle, besides being much 
lighter and consequently costing less for carriage. The cost of coking in ovens" heated 
by waste coal would he very trifling. 

In consequence of the absence of hands of shale in the overlying sandstone, the 
quantity of water may he rather larger than usual, hut in the small pits dug in the bed 
of the river the coal did not appear in general to be porous. 

In mining a seam of such thickness as this, especially where the proportion of good 
coal is large, if the roof prove as sound as will probably be the case, it will be an important 
economic question whether some more advantageous method of mining cannot be adopted than 
that of removing a small section of the seam, not exceeding twelve feet in height, by “long 
wall” or still worse by “ post and stall,” more especially as it is highly improbable that the 
best hands of coal will be found for any distance on the same horizon, a most serious draw¬ 
back to mining on either of the two English systems mentioned. It would, however, 
be premature to enter into this subject at present, but the methods adopted for extracting 
the thick deposits of lignite or brown coal found in parts of Germany are deserving of 
attention. 

Conclusion.—I have endeavoured to show my reasons for the opinion I have formed as 
to the Korba coal. My conclusions are briefly, that both the quality and mode of occurrence 
are favorable. In thickness, in quality, and in the proportion of good coal to inferior coal 
and shale, the seam surpasses that near Chanda. The question of the extent over which the 
coal extends must be ascertained by boring. 

Camp Kokba, 1 
18th April 1870. j 

The following table gives the result of assay of the coals referred to in Mr. Stanford's 
report just given :— 

! Carbon. Volatile. Ash. 1 Carbon. Volatile. Ash. 

a 387 26'6 347 \g 464 23’6 30* 

b 45'8 224 31-8 h 575 252 173 

c 423 252 325 h lower 2 ft. * ... 60’5 295 10- 

d 396 24-6 35-8 i i 46-5 22’2 31’3 

e 47-8 2S'2 24’ j 53’3 272 19’5 

r 32-8 214 45'8 

9th May 1870. 

DONATIONS TO MUSEUM. 

January 4th —Specimens of clay, limestone, and hydraulic cement made therefrom.— 
A. Lonsdale, hlsq., Moulmein. 

„ 17(h.—Copper ore from Tunjee guard near Hevantee. Iron ore and a few minerals 
. from Darjeeling.—Colonel Haltghton. Darjeeling. 

March 23«7.—Copper aud copper ore from Dalinikote.—Colonel Haughton. 

» 30th.—Specimens of galena from Kulu valley.—J. Calveht, Esq.. it. E. 

,, 30M,—Dilfco ditto from the Phansee Shan Co. J. Andebson, Esq., at. d. 

* Cakes slightly. 
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Agassiz. L.—Address delivered on the Centennial Anniversary of the birth of Alex, von 
Humboldt., 8vo., Boston, 1869. Boston Soc. of Nat. Hist. 

Apuk, C. D. H.—Report of the Govt. Geologist, Southern Division Queensland, (Pamphlet). 
FIs., Brisbane, 1869. R. Dainteee, Esq. 

Aplin. C. D. H.—Progress Report of Govt. Geologist for South Queensland, (Pamphlet), 
FIs., Brisbane, 1869. R. Dainteee, Esq. 

Binnfy, W. G., & Bland, T.—Land and Fresh Water Shells of North America, Part I, 
Pulmonata Geophila, (Smithsonian Mis. Collection, No. 194), 8vo., 
Washington, 1869. The Institution. 

Dainteee, R.—Report of Govt. Geologist, Northern Queensland, on Gold Discoveries in the 
Gilbert Ranges, (Pamphlet), with maps, FIs., Brisbane, 1869. 

The Author. 

DaintreE, R.—Report on the Cape River Diggings and the latest Mineral Discoveries in 
Northern Queensland, (Pampldet), FIs., Brisbane, 1868. The Author. 

Dainteee, R.—Report on the Gilbert Ranges Gold Fields, North Queensland, (Pamphlet), 
FIs., Brisbane, 1869. The Author. 

Dainteee, R. Progress Report on the Northern Districts, Queensland, (Pamphlet), with 
maps, FIs., Brisbane, 1869.. The Author. 

Desor, E. et Loriol P. de.— Echinologie Helvdtique. Description des oursins Fossiles de 
la Suisse, Parts 4 and 6, lto„ Paris, 1869. 

Dumortier, Eug.— Etudes Paldontologiquos sur les Depots Jurassiques du Bassin du 
Rhone, Part II, 1867; Part III. 1869, 8vo., Paris. 

Favee, E.—Description des Mollusques Fossiles de la Craie des Environs de Lemberg, 4to., 
Geneve, 1869. 

Gervais, Paul.—Zoologie et Paleontologie Generates, Parts 12 and 13, 4to., Paris, 
1869. 

Gillon, Aug.—Cours de Mdtallurgie generate redige sur les notes du cours fait si l’ecole, 
des Arts et Manufactures et des Mines, with Atlas, 8vo., Liege, 
1869. 

Green, A. H., Daktns, J. R„ & Ward, J. C-—Memoirs of the Geological Survey of Eng¬ 
land and Wales. The Geology of part of the Yorkshire Coal-field, 
8vo., London, 1869. Geol. Suit, of Great Beitain. 

Green, A. H., Foster, C. LeNeve, & Daktns, ,T. R.— Memoirs of the Geological Survey of 
England and Wales. The Geology of the Carboniferous Limestone, 
Yoredale Rocks, and Millstone grit of North Derbyshire and the 
adjoining parts of Yorkshire. 8vo., London. 1869. 

Geol. Sur. of Great Britain. 

Gunther, A.—The Record of Zoological Literature, 1868, Yol. Y, 8vo., London, 1869. 

Harris, M. D.—Entomological Correspondence. Edited by S. H. Scudder. Published by 
B. S. N. IE, 8vo., Boston, 1869. Boston Soc. of Nat. Hist. 

Haughton, Rev. S.—On some Elementary Principles in Animal Mechanics, No. II, (Pam¬ 
phlet), 8vo., 1869. ' The Author. 

Haughton, Rev. S.—Notes of a Comparison of the Granites of Cornwall and Devonshire 
with those of Leinster and Mourne, (Pamphlet), 8vo., 1869. 

The Author. 

Hull, E.—Memoirs of the Geological Survey of England and Wales. The Triassic and 
Permian Rocks of the Midland Counties of England, 8vo., London, 
1869. Geol. Sur. of Great Britain. 
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Hunt, Robert.—Memoirs of the Geologigal Survey of Great Britain, &c. Mineral Statistics 

of the United Kingdom of Great Britain and Ireland for the year 

186S, 8vo.,‘London, 1869. Geol. Sue. of Great Britain. 

Kebpely, A. K.—Bericht fiber die Portschritte del- Eisenhutten—Techuik im Jahre. 1867 
4th Jdirgang, 8vo., Leipzig, 1869. 

LiNDENSCHMrT, Dr. L.— Die Atherthfimcr nnserer heidnisehen Vorzeit, Vol. II, Pt. 12. 
(Published by the Romisch-Germanischen Central Museum in 
Mainz), 4to„ Mainz, 1870. 

Ltjbbock, Sir John.—Pro-Historic Times, as illustrated by Ancient Remains, and the 

*1861)'U'rS aW Custonis ol> Mollern Savages, 2nd edition, 8vo.. London, 

Meunieb, M. S.—Geologic CompariSe. Elude Mineralogique du ter Mdteorique de Deesa 

8vo„ Paris, 1869. The Author! 

Ooster, W. A.—Purifications Remarquables des Alpes Suisses.-le Corallien de Wimmis.-avee 

une Introduction Geologique p. Fischer Ooster, 4to., Geneve, 1869. 

Pettersen, Karl.—Geolognske Undersogelser i Tromse omegn i Aarene, 1865-67, 8vo., 

Thorndlijen, 1868, University of Christiania. 

Pictet, F. .J. Materially pour la Pale'ontologie suisse, 5th serie, Parts 4, 6, 4to. Geneve. 

Ponson, A. T. Traite de 1 exploitation des Mines de Houille, 2nd Edition, Vol. II with 
Atlas, 8vo.f London, 1868; Atlas, Royal Fol, 

Rosen, F. B.-Ueber die Natur dor stroma,toporen und fiber die Erhaltung der Hornfaser 

der 8pongien un iossilen Zustande, 8vo., Dorpat. 1867. 

Ruthner, Dr. A. Von.-Aus Tirol Berg-und gletscher-Reisen in den osterreichischon 
Hochalpen, Neue Folge, 8vo., Wien, 1869. 

Rutimeyer, Prof. L.-Uebcr Thal-und see-Bildung, Beitrage zum verstiindniss der ober 
Flachc der Schweiz, 8vo., Basel, 1869. 

Sexe, S. A. Boiumhraeen, en duitlet, 1868, 4to„ Christiania, 1869. 

^ UNIVERSITY OF OhRTSTJ a nt r t 

Smyth, R. B._Gold Fields and Mineral Districts of Victoria, 4to„ Melbourne, 1869 

SCHEEMAK, Dr. G.-Die Porphyrgesteine osterreichs aus der mittleren Geologischcn 
Epoche, 8vo., Wien, 186S. n 

Zibkel, Dr. 1.—hutersuchuiigen uber the mikvoskopische zusammensetzung und structur 
dei Basaltgesteme, 8vo., Bonn, 187<>. 

Periodicals, Ac, 

American Journal of Conchology, New Series, Vol, V, Pt. 2, 8vo„ Philadelphia, 1869. 

American Journal of Science and Arts, New Series, Vol. XLVIII, No. 143, 8vo„ New Haven. 

Annals and Magazine of Natural History, 4th Series, Vol. IV, No. 24. 1869 • Vol. V. Nos. 25 
and «6, 18/0, 8vo., London. 

Blochmann, H.— Bibliotheca Indica Ain-i-Akbari by Abul Fazl IMubariki i’Alldmi. 

New Senes, No. 168, Fasc. IX, Part II, No. 1, 4to„ Calcutta, 1869. 

Govt, of India. 

Geological Magazine, Vol. VI, No. 12, 1869; Vol. VII, Nos. 1 & 2, 1870, 8vo„ London. 

Indian Annals of Medical Science, No. XXVI, 8vo., Calcutta, 1870. THv Editor 

Indian Economist: a Monthly Journal devoted to Economic and Statistical Inquiries con- 

inmng India. Vol. 1, No. o. with Supplement, Fob, Calcutta, 1869. 

Govt, of India. 
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Titles of Boohs. Donors. 

Journal de Conchyliologie, 3me serie, Yol. X, No. 1, 8vo., Paris, 1870. 

Leonhard, G., und Geinitz, H. B.—Neues Jahrbuch fur. Mineralogie, Geologie und Paleon- 

tologie, Jahrgang, 1869, VII, 8vo., Stuttgart, 1809. 

Palaeontographica, Yol. XVII, Part 4, 4to., Cassol, 1809. 

Petebmann, Db. A.—Geographische Mittheilungen, Parts X, XI, XII, for 1869, Part I, for 

1870, 4to., Gotlia. 

Pfeiffeb, 11b. L.—Malakozoologisekc Blatter, Vol. XVI, 9-12 Bog., 8vo, Cassel, 1870. 

Professional Papers on Indian Engineering, Vol. VII, No. 26, 8vo., Roorkee, 1870. 

Principal, Thomason College, Roorkee. 

Quarterly Journal of Microscopical Science, New Series, No. XXXVII, 8vo., London, 1870. 

Quarterly Journal of Science, No. XXV, for January 1870. 8vo., London. 1870. 

Records of tie Geological Survey of India, Vol. Ill, Pt. 1, 8vo., Calcutta, 1870. 

Gteol. Survey of India. 

Revue de l’exposition de 1867, Mines, Metallurgie, &c., Vol. Ill, 8vo., Paris, 1869. 

Revue universelle des Mines de la Metallurgie, &c., Tomes XXV et XXVI, Livraisons ome 

et 6me, 8vo., Liege, 1869. 

Romeb, Be. E.—Novitates Conchologicie, Suppl. Ill, Lief 20, 21, 4to., Cassel, 1869. 

Government Selections, &c. (fkom the Governments). 

Bengal.—Annual Report on tke Administration of the Bengal Presidency for 1868-69, 8vo., 

Calcutta, 1869. Govt, of Bengal. 

Report on the Administration of tie Customs Department in tie Bengal Presi¬ 

dency for tie year 1868-69. Els., Calcutta, 1869. Govt, of Bengal. 

Report on tie Police of the Lower Provinces of lie Bengal Presidency for tie 

year 1868, Vols. I. II, 8vo., Calcutta, 1869. Govt, of Bengal. 

Kura’s Report on tie Vegetation of lie Andaman Islands, accompanied by a 

Report on tie Forests, with a Map, Els., Calcutta, 1870. 

Govt, of Bengal. 

Murray, De. J.—Report on Vaccination Proceedings throughout tie Government 

of Bengal, with an Appendix for tie year ending 31st March 1869, 

Els., Calcutta, 1869. Govt, of Bengal. 

Annual Report on tie Convict Settlement of Port Blair for the year 1868-69, 8vo., 

Calcutta, 1869. Govt, of Bengal. 

General Report on the Revenue Survey Operations of' the Bengal Presidency, 

Upper Circle, for season 1868-69, Els., Calcutta, 1870. 

Col. J. E. Gastbell. 

Report on the Revenue Survey Operations of Lower Provinces of Bengal for 

season 1868-69, FIs., Calcutta, 1869. Col. D. C. Vanhenen. 

Bbitish Buemah.— (Home Department)—Report on Civil Justice for 1868, FIs., Rangoon, 

1869. Chief Commissioner. 

(Home Department)—Report on Criminal Justice for 1868, FIs., 

Rangoon, 1869. Chief Commissioner. 

(Home Department)—Report on Hospitals and Dispensaries for 1868. 

8vo., Rangoon, 1870. Chief Commissioner. 

(Home Department, Sanitary)—Report on Public Health and Vital 

Statistics for 1868, 8vo., Rangoon, 1870. Chief Commissioner. 

(Foreign Department. General)—Administration Report for 1868-69, 

8vo, Rangoon, 1869. Chief Commissioner. 

(Financial Department)—Report on the Excise Department for 1868-69. 

8vo., Rangoon. 1870. Chief Commissioner. 
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India—General Report on the Topographical Surveys of India, and of the Surveyor 

General s Department, Head Quarter Establishment, for season 1868-69, 

ris., Calcutta, 1870. Surveyor General of India. 

.Report on the Revenue Survey Operations in British Buvmah for season 1868-69 

FIs., Calcutta, 1869. Col. I). C. Vanrenen. 

N. IV. Provinces.—Selections from the Records of Government. N. W P 2nd Series 
Vol. Ill, No. 1, 8vo., Allahabad, 1870. Govt., N. W. Provinces’ 

Oddh.—Selections from Records. Indebtedness of Cultivators in Oudh, 8vo.. Lucknow, 1868 

Chief Commissioner. 

„ Census of Oudh, Yol. I, General Report: Vol. II, Appendices and Statistical Tables 

Compiled by J. C. Williams, FIs., Lucknow, 1869. 

Chi-ef Commissioner. 

Punjab.—Selections from the Records of the Government of' the Punjab and its Dependencies 

No. VI, New Series. 8vo„ Punjab. 1870. Government of Punjab! 

„ Reports on the administration of the Punjab and its Dependencies for the year 

1868-69, 8vo., Lahore, 1870. Government of Punjab. 

Report on the administration of Criminal Justice in the Punjab and its Depend¬ 

encies during the year 1868, 4to„ Lahore. 1S69. ' Govt, of Punjab. 

Report on Popular Education in the Punjab and its Dependencies for the rear 

1868-69, FIs., Lahore, 1869. Govt, of Punjab. 

Transactions of Societies, Ac. 

Amherst.—Bulletin of the Museum of Comparative Zoology, Nos. 7 to 13, 8vo., Cambridge, 

^ 86,8. Museum of Comp. Zool., Amherst. 

„ Annual Report of the Trustees of the Museum of Comparative Zoology, toge¬ 

ther with the Report of the Director, 1868, 8vo., Boston, 1869. ’ ° 

Museum of Comp. Zool., Amherst. 

Berlin.—Zeitschrift fiir Etlmologie, Part V for 1869, Part I for 1870, 8vo., Berlin. 

Boston.—Memoirs of the Boston Soc. of Natural History, (New Series),' Vol. I, Part 4 

4to., Boston, 1869. Boston Soc. of Nat. Hist! 

Proceedings of the Boston Soc. of Natural History, Vol. XII, Pages 1—272, 8vo„ 

Boston, 1868. Boston Soc. of Nat. Hist. 

Calcutta.—Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Pts. 1, 2; No. 4. for 

1869; Vol. XXXIX. Pi 2, No. 1, for 1870, 8vo„ Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. 11, for 1869, Nos. 1, 2 3, 

for 1870, 8vo., Calcutta, 1869. " rj'mi Society! 

„ Report of the Calcutta Public Library for 1869, (Pamphlet), 8vo., Calcutta, 1870. 

Trustees, Cal. Pub. Library. 

Colombo.—Journal of the Ceylon Branch of the Roy. As. Soc. of 1845, 8vo., Colombo, 1859. 

H. Nevill, Esq. 

Dresden.—Sitzungs-Berichte der Naturwissenschaftlichen Gesellschaft Isis in Dresden 

Nos. 7-9, July, August, September, 1869, 8vo., Dresden, 1869. 

Gksells. Isis, Dresden. 

Dublin.—Journal of the Royal Geological Society of Ireland (New Series), Vol. II 

Part 2, 8vo., Dublin, 1869. The Society' 

Edinburgh.—Transactions of the Royal Scottish Society of Arts, Vol. VII, Parts 4. 5 for 

1868; Vol. VIII, Part. 1, for 1869, 8vo., Edinburgh. The Society 

Florence.-—Boilettino Geologico d’ltalia, No. 1, Anno 1870. 8vo. Ditto 

Ivonigsberg.—Schriften der konigliehen pliysikaLsch. okonomischen Gesellschaft zn Kon 
igsberg, X, abtheil I, 4to., Konigsberg, 1869. 
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London.—Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. IV, 

Part I, New Series, 8vo., London, 1869. The Society. 

Journal of the Soc. of Arts, &e.. Vol. XVII, Nos. 8S3—886: Vol. XV1I1. 

Nos. 887—895, 8vo., London, 1869-1870. The Society". 

Quarterly Journal of the Geological Society, Vol. XXV. Part 4, No. 100, 8vo.. 

London, 1869. ' The Society. 

Proceedings of the Royal Society, Vol. XVIII, No. 115, 8vo., London, 1870. 
The Society. 

Proceedings of the Royal Geographical Society, Vol. XIII, No. 5, 8vo.. London. 

1869. The Society. 

Proceedings of the Royal Institution of Great Britain. Vol. V, Parts 5. 6, 7. 8vo„ 

London^ 1869. Royal Institution. 

List of the Members, Officers, and Professors of Royal Institution of Great 

Britain, 8vo., London, 1869. Royal Institution. 

Moscow.— Bulletin de la Socidte Impdrfftle des Naturalist os do Moscou, Annee, 1868, Vol. XL i, 

No. 4, 8vo,, Moscou, 1869. Soc., LmpeuialE; Moscow. 

Paris.—Bulletin de la Soe. Geologique de France, 2nd Series, Vol. XXVI. No. 3, 8vo., 

Paris, 1868 a 1869. The Society. 

Philadelphia.—Journal of the Franklin Institute, 3rd Series, Vol. LVIII, Nos. 3, 4, 8vo., 
Philadelphia, 1869. The Institution. 

Journal of the Acad, of Nat. Sciences of Philadelphia, New Series, Vol. VI. 

Part 3, 4to„ Philadelphia, 1869. The Academy". 

,, Proceedings of the Acad, of Nat. Sciences of Philadelphia, Nos. 1-6, from 

January to December 1868, 8vo., Philadelphia, 1808. 
The Academy. 

., Proceedings of the American Philosophical Society. Vol. X, No. 78 for 

1867, No. 79 for 1868, 8vo„ Philadelphia. ' The Society. 

Portland.—Proceedings of the Portland Society of Natural History, Vol. I, Part. 1 for 

1862, Part 2 for 1.869, 8vo., Portland. 
Portland Soc. of Nat. Hist. 

Reports of the Commissioners of Fisheries of the State of Maine for the year 

1867 & 1868, 8vo., Augusta, 1869. Portland Soc. of Nat. Hist. 

Salem.—Proceedings of the Essex Institute, Vol. V, Nos. 7, 8. 8vo., Salem, 1868. 
Essex Institute. 

Memoirs of the Peabody Academy of Science, Vol. I, No. 1, 8vo., Salem, 1869. 
Peabody Academy of Science. 

The American Naturalist, Vol. II. Nos. 1-12, from March 1868 to February 1869, 
8vo.. Salem, Peabody Academy of Science. 

St. Petersburg.-—Bulletin de l’Acaddmie Imperiale des Sciences de St. Petersburg, Vol. XIV, 

No. 2. 4to., St. Petersburg, 1869. 

Toronto.—Canadian Journal, Vol. XU. No. 4, 8vo., Toronto, 1869. Canadian Institute. 

Washington.—Report of tlie National Academy of Sciences, 1st Session for 1866, 2nd 

Session for 1867, 8vo., Washington. 
National Acad, of Sciences. 

,, Annual Report of the Board of Regents of the Smithsonian Institution for 

the year 1867, 8vo., Washington. 1868. The Institution. 

Maps. 

Roemer.—Geognostische Karte von ober-Schlesien Blatt. 1 & 4, Namslau, Biieg. Berlin 
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The Mohpani Coal-field, by H. B. Medlicott, M. A., P. G. S., Deputy Superin¬ 

tendent, Geological Survey of India. 

Sketch-mop of 1859.—Any one wlio Las examined with attention the sketch-map 

of the middle Narbada region, published in 1859 by the Geological Survey of India, must 

have noticed how few actual coal-crops are marked in the large area colored as possibly 

coal-bearing; and more especially, how very partially those outcrops are distributed in that 

area. With the exception of Mohpani, and the less known case near Lokartalai, all the 

observed coal-localities occur close to the south border of tho basin of stratified rocks, far 

from the Narbada valley, on the south tributaries of the Upper Tawa and in the valley of 

the Bench river. A reference to the index of colours on the sketch-map, and to the 

descriptive text (Vol. II., Mem., Geological Survey, India,) would suggest possible explana¬ 

tions of these peculiarities: two groups or formations, the Damiida and the Talcbir, are mapped 

under one colour. It was known at tho time (see. p. 119, etc.) that the coal is confined 

to the upper group; but the demarcation between the two is very obscure in this region, 

and it would have been at that time impracticable to have undertaken to separate them, 

as no sufficiently accurate map of the country was to be had. Another possible explanation 

of the anomalous distribution to which I have drawn attention is suggested by the some¬ 

what doubtful boundary between the Damiida group and the overlying strata of the 

Mabaddva series, as noticed at page 191 and elsewhere—the possibility that some of the 

latter may have been locally included with the former, thus unduly enlarging the apparent 

area of the coal-bearing rocks. 

It has long been the desire of the Superintendent of the Geological Survey to clear up 

all these known doubts, more especially with reference to the very pressing question of the 

coal-supply to the railway that now passes close along the northern margin of this area. Tho 

much increased knowledge of all these rocks that has been attained within the last few 

years will greatly facilitate the final separation of the groups ; and thus definite information 

will he available for the guidance of mining experiments. The detailed topographical survey 

of this region is now nearly completed; and proof copies before publication of some of the 

sheets having been obligingly supplied from the Surveyor General’s Office, tho revision of 

the geological work was commenced in November last. It will be some time before tho 

detailed examination of so large an area can bo completed ; but some definite results have 

been already obtained, hearing very importantly upon the question of the coal-supply and the 

proper direction for further mining explorations. 

Alterations to be made.—To any who have not applied the necessary reservations to 

the indications of the sketch-map, the present information will ho somewhat disappointing. 

It is still to be expected that coal will he found where it is not now known ; but. observations 

made this year greatly reduce the area to which such hopes can be applied with any con¬ 

fidence ; tho negative indications of the sketch-map have been substantiated by the verifica¬ 

tion of the surmises that have just been pointed out regarding them. The case may be very 

briefly stated, and easily understood by a reference to the old map: the whole of the 

Dliudhi valley, and all the valley of the Dcuwa (or Deor) north of the Pachmari range, 

are formed of rocks belonging to the Mahadcva series,* in which there is no prospect what¬ 

ever of coal; although it may occur beneath them. A note on the sketch-map indicates the 

* In the report under notice the name Mahadeva is used as that of a single group; but recent investigations 
here and elsewhere tend to show that it comprises several groups, for which collectively the name may perhaps be 
retained. It would be out of place to discuss the question in the present report. 
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doubts tliat were entertained regarding the Door valley. To the south of the Pachmari 

range, including a large portion of the plain of the Tawa, the rooks, although belonging to 

the Damuda series, arc certainly higher than the true coal-bearing group of this part of 

India; they are throughout more or less carbonaceous, and contain the Damuda fossil 

plants; and there is therefore always a chance of coal occurring in them, as will be fully 

tested by the detailed survey; but every distinct indication of coal at present known 

throughout the entire region (with the exception of a poor Mahadeva coal to be noticed 

presently) is referrible to a thin band at the base of these rocks, immediately overlying the 

'i’alchir group, and outcropping near the margin of the basin, as indicated on the sketch-map. 

This restriction of the apparently large area of the coal-bearing rocks brings into greater 

importance the limited fields that are known, and suggests the close search for similar 

small outcrops of the measures along the edge of the basin. 

The Mohpani field.—The wide separation, by intervening barren (coal-less) rocks, of 

I ho several localities where coal appears at the surface within the large area hitherto generally 

referred to in this connection as the Narbadd coal-basin necessitates the recognition of 

as many distinct eoal-iiolds. Of these, the Mohpani field is at present by far the most 

important, on account of its accessible position, and because the value of the seams has been 

proved by actual mining. It is situated at the south edge of the Narbada plains, twelve miles from 

the Great Indian Peninsula Railway at Garrarwarra, and is traversed by the Sitariva river, 

in which the eutire section is exposed, in a length of about a mile and a half. On the south 

I ho measures are buried beneath lofty hills of younger rocks ; and on the east, from the sharp 

bend of the river, the field is rapidly cut off by an overlap of those same strata. To the 

west the extent of the field is very obscure and doubtful: for seven miles from the Sitariva 

the ground is very much covered, the talus from the ridge to the south of the measures being 

continent with the superficial deposits of the plains, so that only a few small and uncertain 

outcrops can ho seen. A little further west, however, in the Dharajhor, a complete section is 

obtained np to the metamorphic rocks at tlio edge of the basin; and the coal-measures are 

there altogether covered and overlapped, the whole ground being occupied by the younger 

rocks. Thus the possible limits of the field as appearing at the surface arc very restricted; 

and we have no certain knowledge of it beyond the much smaller area bordering the Sitariva. 

A description of this locality will bo the best guide to the experimental investigation of the 

rest and of the possible extension of the field by working the measures through overlying 

formations. The accompanying map, copied from the new Revenue Survey sheets, is not on a 

sufficiently large scale to express on it the detail that would be desirable for such a purpose; 

but it will at least make the case intelligible: the little map on the one inch to the mile 

scale shows all that is visible of the coal-measures in this field ; the larger map shows the 

area over which the measures may outcrop; beyond that area they must be sought through 

other rocks. 

Actual observations very limited.—Although it is now several years since mining was 

commenced by thS Narbada Company, very little lias been done to explore the field ; all the 

workings are on one spot close to the outcrop in the river. Two or three borings were made in 

the immediate neighbourhood, hut without cutting the coal, as will be accounted for presently. 

The Sitariva Company have been too busy opening their pits, close upon the northern out¬ 

crop in the river, to have had time for further explorations. Thus, for a description of the 

field and its extent there is little more data than that available from the natural outcrops. 

The extent of this information and of the field as at present known may be judged from the 

statement that one square mile would very nearly include all the localities where coal is visi¬ 

ble ; and fully one-halt of that square mile is occupied by rocks below the coal-measures. It 

may indeed be confidently expected that the coal exists and can be followed over a much 

larger area; but it needs no more at present to show how impossible it would be to arrive at 

a, correct estimate of the extent or value of the field until further trials have been made. 

Formations :—There are three formations to he considered: the Mahadeva series, the 

Barakar group (or the coal-measures), and the Talcbir group ; besides trap-rock, metamor¬ 

phic rocks, and the superficial clays and gravels, or ‘ wash-drift’: — 

Mahadeva Series.—The Mahadeva scries is of great thickness, and comprises a large 

variety of rooks; but as here exposed, at and near the contact with the coal-measures, it 

maintains very constant characters, being formed of massive coarso conglomerates, sandy or 

■ irtliy, and generally more or less rusty; with those are freely but. capriciously associated 

beds of deep red clay sometimes mottled and calcareous, or even with nodular layers of lime¬ 

stone. Courses of rusty sandstone are comparatively rare here. These rocks form the base 

of the lofty ridge of Nimugarh, as well as the smaller hills bounding the field on the east; 
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and they are the last rocks seen at the north end of the section in the river. On the tops of 

the hills, and generally at a distance from the edge of the basin, the Mahadeva formation 

is largely composed of sandstones above, associated with earthy beds below. 

Mahadeva coal.—It is important to notice here the coal that occurs in this formation. 

Much labor and expense have already been devoted to it; and I am aware that hopes are still 

entertained of it by intending speculators. Without wishing to deter men linally from 

exploring what may possibly in some local instance turn out a good tiling, it is but right that 

all should be informed of what is known regarding it, .Many thousand maunds of this 

coal were cut by Mr. Walker, contractor for the Narbada bridge, at Lamdta ghat on the 

Narbada, and profitably used for lime and brick-burning. Some was also extracted on the Slier 

river near Sehora. The same coal has been examined in many other places, as in the 

Mahanndi, to the north-east of Jabalpur; in the Hard river, a tributary of the Sakkur; 

on the flanks of Nimugarh, south of Mohpani. Many years ago this coal ivas cut in 

sinking a well within the station of Jabalpur. Its characters are everywhere the same,— 

a bright jetty lignite-coal, disseminated in threads more or less abundantly in thick shale 

and sandstone; the proportion of coal is exceedingly variable, and, except iu rare cases, 

altogether too small for use. In the nearly continuous rock-section in the Slier and Maehariva 

rivers, this coal is exposed ten or twelve times in a length of as many miles, without any 

change of character, and offering no encouragement to any attempt at mining. It certainly 

would not bear transport or keeping; and the most that can ever be expected of it is for local 
use for rough purposes. 

To one who is not familiar with the characters of these formations, and accustomed to 

discriminate between varieties of similar rocks, this Mahadeva coal-band might readily pass 

for the true coal-measures, as it often occupies an analogous physical position at the edge of 

the plains. The simplest criterion is the coal itself, which is quite unlike the Damfidn 

(Barakar) coal. Although found in so many distant localities, the coal-band is certainly 

not a constant member of the scries; nor is it even likely that all the known seams are 
on the same horizon in the series. 

Barakar group.—The Barakar group is not more than 500 to 000 feet thick, com¬ 

posed of strong beds of gray and white felspathic sandstone, alternating near tbo top with 

carbonaceous shales and coal-beds. Wherever the section is exposed in the neighbourhood 

of the Sitariva, these beds are found close beneath the bottom red clays or conglomerates of 
the Mahadevas. 

TalnJiir group.—The Talehir group is typically characterised by beds of fine greenish 

silt, or siKoiouS clay and sandstones, in either or both of wfech pebbles and boulders, often 

oi large size, are thinly scattered. The fine earthy sandstones pass up by imperceptible 

gradation into the Barakar rock, so that the boundary between them, in the absence of 

characteristic fossils, must often be arbitrarily assigned. These rocks occupy a large space 

between the north and south outcrops of the coal-measures on the Sitariva. 

Structure of the rocks.—The general section (see figure) north and south across the field 

will illustrate the relations of the rock-groups and explain the present structure. There is no 

33 

General section from south to north, across the Mohpani coal-field. 

Scale, 2 inches =• 1 mile, a, Mahaddva: b, coal-measures: c, Talehir; d, metamorphic. 

The dotted lines indicate the probable mode of extinction of the coal-measures to the north. 
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other locality known where the coal-measures are so much broken as in this field. In the 
section of the Sitariva, the general character of the disturbance is a normal anticlinal flexure, 
having moderate dips on the south, but rising to the vertical on the north side of the axis; 
the last rock seen next the superficial gravels of the plains being vertical beds of the coarse 
Mahadeva conglomerate. There are numerous minor contortions and dips that are not 
attempted to he represented in the figure. In an easterly direction from the river, the con¬ 
tortion dies out rapidly; the vertical seams of the northern outcrop flatten and bend southwards, 
passing round into continuation with the measures on the south of the flexure. The 
Talchirs are thus covered up at the surface ; and, on the other hand, the Mahadevas stretch 
continuously to the edge of the plains; at Puknhi they still have a low south-easterly dip, 
hut soon become quite horizontal. In a westerly direction the main feature of the dis¬ 
turbance seems to continue for some distance, as is shown by the steady south-south-east 
dip of the conglomerate along the base of the Nimugarh ridge; hut this regularity does 
not obtain along the axis of the flexure, as is shown l>y the few outcrops that are visible 
to the north of the ridge. At the west base of the outlying hill of trap near Mohpani, in 
about the position of the axis of the anticlinal, the coal-measure strata have a steady low 
easterly dip. This irregularity greatly complicates the attempt to search for such outlying 
masses of the coal-measures as may exist beneath the superficial gravels at the foot of 
the hills. 

Trap-rod",.—Trap-rock forms an important consideration in he valuation of this field. 
It occurs both in dykes and in overlying masses, but is all of the same description,—a dense 
basaltic rock; and, as far as present evidence goes, it may he all of the same age. There are 
three great dykes in the Sitariva: the first is at the very northern edge of the rock-section; 
it is about twenty yards wide, running through the Mahadeva conglomerate very nearly 
along the vertical bedding, with a strike of 5° south of west, and a slight southerly 
underlie. The second dyke is in the Talchirs, oblique to the bedding, some fifteen yards 
wide, with a strike to 20° north of west, and a slight southerly underlie. The third is 
also in the Talchirs, about twenty yards wide, running nearly due east and west, and with 
a very slight southerly underlie. Although all these are remarkably steady for the short 
length seen in the river hanks, they certainly do not continue so, as a rule, lor any distance. 
It is probable that No. 1 represents, or is even continuous with, the strong dyke that is 
found at or near the base of the hills to the eastwards; hut its course must he more or less 
tortuous. At three miles to the east, in the river's bank just above Dongarkho, there is a very 
pretty section showing how suddenly these trap dykes may stop out on the rise: at the 
water’s edge the dyke is some twenty yards wide, and all trap; at a height of fifteen feet there 
is hardly a trace of it to he found, the whole having split lip and rapidly thinned out 
between thick wedges of the overlying massive conglomerate. The dyke No, 3 presents another 
case of irregularity; if it continued the course which it has in the river, it must have appeared 
in the upper workings of the Narbada Company’s colliery; hut the coal there is totally 
unaffected by trap. Indeed, it is strange that where trap is so abundant none has been met 
with as yet in any of the pits, small though these are. There is no doubt, however, that this 
rock will yet prove troublesome in working the field. Where the coal-outcrop is exposed in 
the stream beyond the ridge north of the colliery, trap is in force close by, and must greatly 
affect the coal mere. 

There are three patches of overlying trap, apparently remnants of a once extensive 
spread. The detached hill half a mile to south-west of Mohpani is all trap; on the north 
and east this rock reaches down to the level of the plain ; on the south-east Talchir rocks 
are found close to the base ; and on the west side Barakar beds aro well exposed to a 
height of some fifty feet. The trap near Kaklaur and Pipurea scarcely appears above the 
general level of the plain. 

Connexion of the measures on (he north and south.—Notwithstanding some slight differ¬ 
ences in the details of the sections, and the very marked difference in the quality of the coal, 
there can be no doubt that the measures worked by the Sitariva Company in the vertical seams 
on the north are the same as the less troubled beds of the Narbada Company on the south. 
There are three or four seams at. the southern outcrop, and but two at the northern; and 
the associated beds do not exactly correspond in the two localities (there are some earthy 
beds above the coal on the north that are not found in the southern section) ; but these 
differences would come well within the known limits of variability of these deposits ; and 
the position of the measures in the general section, with respect to the Mahadevas above and 
the Talchirs below, is precisely the same in both localities. There is, besides, the direct 
evidence of continuity; the ground is too covered to show quite an unbroken section, but 
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observations are close enough to leave no doubt on the point. The change in the quality 
of the coal is quite in accordance with the crushed condition of the strata. The coal from 
the vertical seams is friable and dusty, and burns without smoke, all the bituminous matter 
having apparently been extracted from it; it is consequently slow to ignite, but has strong heat¬ 
ing power ; the coal in its normal state at the Narbada Company’s mines has the usual com¬ 
position of Indian coals ; the subjoined analyses made by Mr. Tween exhibit the change :— 

Carbon. Volatile. 

1. Narbadd Company’s mines: top seam (river workings) 

2. „ „ „ 2 feet band of spurious cannel coal 

3. „ „ main seam 

4. „ 
5. Sitariva Company’s mines: top seam 

6. „ „ main seam 

7. 
'• » »» »> 

55*8 

331 

60*4 

51'9 

679 

59-0 

70*7 

32-6 

24'6 

39-0 

33‘4 

8*8 

15-0 

9’5 

Ash. 

11-6 

423 

lo-e 

14*7 

23-3 

26*0 

19-8 

The Sitariva Company have sunk a shaft on the main vertical east-west seam to a depth 
of seventy feet, without any change, save a slight tendency to assume a northerly underlie. 
They have a shaft on the same coal about 200 yards oft’ on the east side of the river, where the 
seam has already lowered to a dip of 65° to north-north-east. The Narbada Company’s 
collieries are in a corresponding position on the flat side of the flexure, at the south-east 
angle, where the strata are bending round the point of the anticlinal; and the galleries bring 
to sight many minor features of disturbance that could not he detected at the surface. Smalt 
as are the workings (the most extensive is about 400 feet long by 150 broad), they are on 
all sides stopped out against faults; it is true that none of these seem to have any great 
throw; hut their frequency, and the crushing of the coal that attend them, is a serious 
obstacle and loss. It is to be expected that the coal that exists between the two present 
collieries is at least as troubled as that seen in the Narbadd Company’s pits, probably more so. 

Rough estimate of the field so far as proved.—Any estimate of the available coal-supply 
in this region must be affected by two considerations that do not present themselves in other 
Indian coal-fields : these are, the frequent high dip of the seam, and the fact that almost at 
all points thick overlying rocks riso into hills of considerable height close above the out¬ 
crop of the coal. Both these conditions will involve the necessity of deeper mining than 
has yet been.attempted in India; in many places here they tvould restrict the mining to what 
can be obtained from shafts or galleries on or near the outcrop. Applying this rule to 
the known length of outcrop in the Mohpani neighbourhood, we may arrive at an approximate 
estimate of the coal from existing data: it may be said that there are about two miles of 
known outcrop, the coal being obscurely visible at the surface at several spots along the 
curved line between the two collieries, but its thickness or its quality in that position has 
not been tried. Assuming it to maintain a moan thickness of workable coal between the 
aggregates at the two collieries, say twenty-five feet, at the rate of 1,000 tons per foot of 
thickness per acre of seam, we should have 4005000 tons for every sixty-six feet down the seam 
along the whole length of two miles. As in many places the seam may 1* followed for 
many hundred feet, it is apparent that, without any very unwarrantable assumption, we may 
count upon a large supply of coal for many years to come. 

Probable further extension of the field.—It is, as I have said, unfair to the field to pass 
an estimate upon it from the very insufficient information at present available ; there is much 
hope that the coal will be found far beyond the limits taken in the estimate just given. I 
will now attempt to indicate the directions in which an extension may be sought. There are 
four considerations involved in a judgment: wbat may have been the original extent of the 
basin of deposition ; how far the Barakar group ever extended in that basin; how far the 
coal may have been eo-extensivc with the group; and whether any portion of tire group, 
and hence of the coal which is its uppermost member, had been broken up and destroyed 
before the Mahadeva deposits succeeded. 
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The first question affects the important point of the possible northern extension of the 
coal-measures beneath the plains: for several miles to east and west of the Sitariva no rock 
is seen to the north of the sedimentary series; and although the front here presented by these 
rocks is well up to the line of the general run of the metamorphie rocks bounding the basin 
at some distance to the north-north-east and -west-south-west, there would be nothing forced 
in supposing that there was originally here a curve or bay in that boundary ; the appearance 
here of rocks (the coal-measures) not seen elsewhere in corresponding positions might even 
suggest such a view. The questions will not, of course, be left to conjecture, but as it is 
desirable to proceed at first in the most promising direction, I would express my opinion that 
the measures do not extend northwards to any distance beyond the present known limits : 
such extrome disturbance of the strata as is seen in the Sitariva Company’s collieries is not 
known to occur except close to the contact with the hard boundary rocks; a second reason is, 
that the massive coarse conglomerates of the Mahadeva series only occur close to the original 
rock-boundary, rapidly thinning out as they recede from that boundary; but here we find them 
in full force. In the figured section I have represented what I conceive to be the character 
of the section to the north of the present boundary with the superficial deposits. 

The second and third considerations are much alike, and neither can bo said to be 
altogether favorable ; the Barakar coal is sometimes capricious in its development, as is corro¬ 
borated by the beds here, the four seams of the Narbadk Company’s pits being reduced to 
two at the Sitariva Company’s mines; but certainly there is here no special ground for dis¬ 
couragement on this score. The occurrence of the formation itself is more open to doubt; 
it certainly is not co-extensive with the Mahadeva rocks; at many points along this 
boundary the latter are found resting upon the metamorphics, without any intervening 
representative of the older groups. This chance of failure is most likely to take effect in 
trials along the outer margin of the hills; but there is decided ground for hope that in a 
southerly ctireotion, as far as they can be followed, the coal-measures will continue steady. 

The fourth consideration is a very important ono : if the Barakar group had been to 
any extent denuded before the deposition of the strata that now cover it, an indeter¬ 
minate source of error would be introduced that might frustrate the most judicious 
calculations. This condition, so far as is known, is favorable: the Mahaddvas _ have 
been subjected to the same disturbance as the coal measures, and wherever the section is 
visible, the top measures are found in place. There is even some evidence (though insuffi¬ 
cient) to suggest a closer relation: thus, at the Sitariva mines the top beds of the measures are 
earthy, and so are the bottom Mahadevas; while in the southern section of the boundary 
in the river the rusty sandstone over the coal is not unlike the sandy base of the overlying 
Maliadeva conglomerate; this assimilation takes place within a thickness of a few feet,. so 
does not seriously affect the position of the boundary. At the same time, at some points 
of this river section, there are appearances of the measures striking obliquely against the 
conglomerate ; but this may well be due to one of the many small faults that trouble the 
strata in this locality. There are also some strong general considerations to suggest decided 
unconformability at this boundary, but they are too vague to be discussed here. 

Extension eastwards.—It may be inferred from what has been said that my best 
hope for the field is in following the seams southwards ; but there are other prospects worth 
investigation. A bore is now being sunk by my recommendation near Pukuki, the most 
north-easterly point at which the measures come to the surface: the Barakar sandstone 
appears immediately beneath the red clays, both having a south-south-easterly dip of 
about 20°. The result of this trial will give the best indication for further explorations 
in the covered ground to north and east. The Narbada Company’s workings under the 
river in the topi seam are beneath the conglomerate. 

Westwards, on the flat ground.—As for the prospects in the low ground west of Mohpani 
there is really nothing to guide one, the rocks in that direction being indefinitely tossed 
about, denuded, and'now covered by gravel and clay. The vertical scam worked by the 
Sitariva Company very soon passes under the deep alluvial clay ; and there is no conjecturing 
what becomes of it: it can at least be said that there is no prospect whatever of the coal or 
its position being better in that direction. The Talchir rocks certainly reach for some dis¬ 
tance to west of the Sitariva; they are seen close to the east base of the Mohpani trap-hill. 
On the west base of the same hill, the Barakar sandstone is well exposed, dipping under the 
trap; but it would seem that the upper portion containing the coal-measures has been removed 
either by the trap or previous to its outflow. Half a mile to west of this, there is another 
Hat outcrop of sandstone, either Damuda or Talchir. In the stream half a mile east oi 
Manigaon village, there is a small section of sandstone, clay and a lumpy limestone, that 
may be either Talchir or Mahadeva. The largest exposure of rock in this flat ground is 
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just south of Kaklaur, where sandstones have been extensively quarried in long trenches : 
they are fine-grained, pale, earthy flaggy sandstones with shaly partings; some are very 
regularly ripple-marked, and all have a steady dip of 15° to south; they seemed to me 
most like Upper Talehirs, but at one point next the trap south-east of Kaklaur, there is a 
thick, black, earthy rock, like a carbonaceous shale, altered by the igneous rook with which 
it is in contact. These few observations, which are all that I could discover in the flat 
ground between Mohpani and Khairi, where the metamorphic rocks appear in force, may servo 
to show how very precarious the search for coal must bo in that area. 

Southwards and westwards along base of ridge.—I would recommend, therefore, that 
every endeavour be at present directed to following the run of the coal-measures along the base 
of the ridge, where they must appear if they exist at all; and for some little distance at 
least, very positive directions can he given to guide the search. As has been already remarked, 
the coal in this field, wherever it is seen, occurs within a few yards of the base of the easily 
distinguished Mahadeva rocks. For a short distance, this character may he taken as a clue; 
but as the ridge is oblique to the boundary, and thus recedes from it west wards, the Mahaddvas 
alter; sandstones and pale clays take the place of the coarse conglomerate at the base 
of the scries; so that it becomes very difficult indeed to fix the boundary of the two for¬ 
mations where the sections are poor. The last place where this boundary is well seen is iii 
the stream immediately west of Bainar village, where the conglomerate rests upon some 
sixty feet of sandstone, below which the section ceases. A trial shaft is now being sunk here, 
at my recommendation, by the Sitariva Company. For several miles to west of this, 
1 only found one spot, on the east side of the recess south of llichai, where rock is visible 
below the conglomerate. South of Kaklaur I could not pronounce positively on the 
position of the rocks that are obscurely seen at the base of the ridge. For a mile from 
the base of the ridge in the Khairi stream, there is a fair section of the new bottom 
Mahadeva strata, pale greenish brown and mottled red clays with sandstones, having a 
variable dip. It is presumable that the outcrop of the coal-measures (if they have not 
thinned out and been overlapped) passes, between Kaklaur and the base of the range, 
towards the metamorphic rocks south-west of Khairi. The safe way to settle the point 
will be to follow the strike by shallow pits or borings westwards from Bainar. 

Evidence as to southward, extension.—An idea seems to have obtained that the coal 
does not exist beneath the Mahadeva rocks to the south, or at least that it is out of reach. 
This opinion appears to have been started by Mr. Blackwell, the mining engineer who selected 
the ground for the Narbada Company : in a section drawn by him on the map of the 
ground, a great fault is placed along the boundary of the measures with the conglomerate. 
[ can find no confirmation of such a view; and certainly the trap-dyke which Mr. Blackwell 
introduces along his fault has no existence. It is rather in that southerly direction that 1 
hope the coal may be most favourably worked, as being probably steadier, less affected by- 
faults and trap-dykes. The fact, however, remains to be proved. The Narbada Company 
put down a bore (No. 2) to a depth of 256 feet on the flat ground of Mnlpi village 
1,100 feet from the boundary, in a south-easterly direction from bend of river, and south 
of the run of Mr. Blackwell’s fault. The bore only passed through conglomerate and red 
clays; hut taking the most favourable view of the case,—supposing there to he no faulting what¬ 
ever, and no thickening of the upper rocks,—the boro stopped just short of the measures. An 
average of several dips, taken in the conglomerate at the boundary, gives 15°; at 400 yards 
up the river it has flattened to 6°, which would reduce the mean to 13°5\ in which case the 
measures would ho 266 feet deep at the bore in question. Another bore was put down to a 
considerable depth at the edge of the river below the bend; hut this of course was a failure, 
being visibly below all flic coal, every inch of the section being well exposed in the river close 
by. The best means of immediately testing the southern extension of the measures is from a 
shaft (No. 2) that was sunk to a depth of ill feet close to the bend of the river on left bank. 
After passing through twenty-eight feet of surface gravel and forty-seven feet of conglomerate 
and red clay, the measures were reached, and coal was cut at the bottom. Unfortunately at this 
point the water made so fast that the work had to he stopped. The finding coal beneath the 
conglomerate does not finally settle the question of a great fault here, the pit being so 
near the boundary; and I was informed by Mr. Taylor, the very intelligent miner who 
had charge of the works at the time, that in the upper part of the shall, and altogether 
in Mahadevas, the strata were cut by a fault having a steep southerly underlie; there was 
no means of ganging the amount of throw. The feature is now concealed by the casing of 
the shaft. Where small faults are so frequent, as in the mines close by, there is really no¬ 
thing especially discouraging in finding one here; it is probably no greater than those 
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already known ; and it may be hoped that the measures will rapidly assume a steady low 
dip, conformable to that observed in the overlying Mahadevas. I have urgently recom¬ 
mended that the seam at the foot of this shaft be followed out southwards, and any fault- 
ground be thoroughly explored. Machinery is being put up to drain the shaft. The diffi¬ 
culty of unwatering mines in this position is one that must be anticipated : at the base of a 
bigli ridge, having a trough-shaped arrangement of the strata, a heavy discharge of water 
seems inevitable ; it is possible that the excessive discharge in this particular shaft may he 
increased by the proximity of a deep pool in the river just above. 

The same indications applicable to other localities.—The indications I have here given 
to guide in the exploration of the Mohpani field ought to be of service in the search for 
other fields along the margin of the basin : thus, in the gorge south of Futtehpur, near 
Buukheri railway station, the conglomerate laps round the west end of the ridge of metamor- 
phic rocks, the east end of which is at Khairi; a short way up, the river bifurcates; and just 
above this there is a small patch of the Talchir boulder bed, surrounded by the Mahadeva 
conglomerate ; it is possible, though not- very likely, as this is the lowest level, that outcrops 
of the Damudas might he found in the neighbourhood; and similarly elsewhere. It is to 
settle such points that the detailed survey is so much needed; meanwhile the indications 
I have given may he of service to independent explorers. 

I cannot conclude this report without an expression of regret at the obstructions 
that are being raised to the development of the Mohpani coal-field. Several years ago 
mining was commenced with the intention of having the works well opened so as to 
be in a state to turn out a large supply of coal by the time the railway should he 
finished; all prospects of profit being necessarily dependent upon that event. The com¬ 
pletion of the railway was repeatedly postponed year after year, the mining establishment 
and plant being necessarily maintained all the time. And now that the main line is opened, 
and there is a prospect of a return for the outlay on the mines, numerous delays and 
objections are made to the construction of the short branch line, without which the mines 
cannot be worked. Questions are still raised as to the relative quality of the coal; upon 
which point all reasonable doubt has been long since settled ; for it may be safely assorted 
that a large portion of the coal now consumed over the East Indian Railway line is no better 
than the Mohpani coal. For the Jabalpur line, and even so far as Naini junction, the 
Mohpani coal could undersell the Bengal coal, and a considerable saving he made in the 
railway expenditure. Questions of separate accounts and the desire to show profits on one 
side or other ought not to he allowed to lead to the public being heavy losers. 

1st May 1870. 

Note on the lead-ore at Slimanabad, Jabalpur District, Central Provinces,—by 

Tjieo. AV. II. Hughes, P. G. S., Assoc. Roy. School of Mines, Geological Survey 

of India. 

In April last, Mr. Olpherts, Resident Engineer on the Jabalpur line of railway, 
announced in a letter addressed to Mr. A\T. B. Jones, the Deputy Commissioner of Jabalpur, 
that he had discovered indications of copper ore about three miles north of the Slimanabad 
railway station, and expressed a hope that the matter might he further investigated. 

Discovery of copper and lead. Mr Olplicrts’ attention was first drawn to this subject 
by noticing some Copper stains on the foundation rock of one of the piers for a railway 
bridge. After making kuowu this discovery, be noted the strike of wliat be considered 
flic Iwle, and pursuing bis researches to the west of the line of railway bit upon another 
locality—about two miles from the railway station of Slimanabad, and a little off' the main 
road leading to the town, which yielded an ore of lead (galena). 

I visited this latter spot accompanied by my colleague, Mr. Fedden. 

There was very little to bo seen, merely a small ridge of quartzite rock, about eight feet 
in height, forty feet or so in breadth, and a few yards in length, throughout a narrow band 
of which galena (Pb. S.) was sparsedly distributed, with here and there a little copper pyrites. 

Slcatii/raphical relation- of ridge.—A very important point to determine was the 
stratigraphical relation of this ridge. It did not strike either my colleague or myself that 
it was a lode, but rather a component bed of the geological series which occurs at Slimanabad. 
The ridge is made up of quartzite, and not of vein quartz; and though many of the hand 
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specimens which I brought away, anil others that were in Mr. Olpherts’ possession, might 
possibly convey the idea that the ore existed in a lode, such a misapprehension would arise 
only from the examination of small pieces of the matrix. 

The dip of the bedding is rather obscure, but its direction appears to be 45° south of east. 
There are planes of jointing striking 20° north of west and inclined at an angle of 75° 

in a southerly direction. 

The strike of the beds is north-east—south-west; so that if this line were followed up, 
we should most probably find a connection between the two localities where lead and copper 
ore have been respectively found. 

Description of ore.—The ore of lead is galena, a combination of lead and sulphur with 
a certain proportion of silver. An assay made by Mr. Tween in the Office of the Geological 
Survey proved the ore to contain 19 oz. 12 dwts. of silver to the ton of lead. The ore of 
copper is pyrites, which is usually a combination of copper, iron, and sulphur. 

At the locality where Mr. Olpherts first noticed traces of copper, the ore is principally 
malachite, hut there appears also to be some dioxide of copper (Cu t O). Prom a conver¬ 
sation which I had with Mr. Olpherts, I gathered that the ore was only sparingly distributed 
throughout the matrix. 

Origin of ore in the rock.—The lead occurring in a bed, and not in a, lode, it is most 
probable that it was an original constituent of the rock in which it is now found; and that 
whilst the rock was undergoing metamorphism the lead became segregated 

Economic value.—In order to form a reliable estimate of the probable riclmess 
of tbis find, I bad hoped that a fair amount of clean cut surface would have been exposed 
for examination, but tbis was not the case, as Mr. Olpherts, who had the management of the 
prospecting operations, had not had time to open out enough of the bed. 

If the indications, however, of lead at the surface may be taken as a fair criterion of the 
richness of this quartzite, then I would at once condemn the whole, the proportion of ore 
to matrix being far too small to make the working of this bed a desirable speculation. 
It may also be stated that lead ores occurring in beds or nests are usually poor in silver. 
But it would be premature to pass a final condemnation until further investigations had 
taken place, aud although, as I said above, the indications are unpromising, I would yet 
recommend that a sum of 2 to 300 rupees should be placed at Mr. Olpherts’ command in 
order that he might carry out to a more satisfactory conclusion the researches which he 
has initiated. 

Incidentally, I may mention that Mr. Olpherts possesses an extensive collection of the 
various iron ores of the country. Many of these are very rich aud occur in great abundance 
near to and around Slimanabad. 

June 1 st, 1870. 

Note on the occurrence of Coal east of Chhatisoarh in the country between 

Bilaspur and Ranchi, by W. T. Blanford, P. G. S., Depy. Supdt., Geological 

Survey of India. 

The coal bearing (Daruuda) beds of Korba extend for about forty miles to the eastward 
as far as Rubkub, in Udipur (Oodeypore). They also extend far to the south-east towards 
Gangpur, and to the northwards towards Sirguja, and in all probability are continuous or 
nearly so with the deposits of the same nature known to occur in those districts. 

Main Pat with the neighbouring hills aud all the country on the road from Main Pat 
through Chandargarh and Jashpilr to Ranchi consist of mctamorplnc rocks witii the excep¬ 
tion of a cap of trap and iaterite on Main Pat. 

The lateness of the season* prevented my searching to any extent for coal scams, 
indications of the existence, of which were afforded by the occurrence of fragments of coal 
in the rivers, especially in the Mand. I found a few seams near Cliitra. twelve miles west of 
Rabkub and nearly thirty east of Korba. Two or three are seen in the M And al tout three to four 
miles east-north-east of Cliitra, but they are only from a foot to eighteen inches in thickness, 
in a small stream, the Kopa Jfaddi, which runs south of Chitra, one seam, about three feet in 

* After the end of April I had still 250 miles to march to Haz&ribagh. 
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thickness,, is seen near the village of Tendumuri, more than a mile south-west of Chitra. It is 
nearly horizontal, having a very low irregular dip to the west or south-west Part consists 
of fair coal, the remainder is shaly. 

The only seam examined from which it is possible that a useful supply of fuel might 
he obtained is exposed in the same stream rather uearer to Chitra, being about a mile from 
that village, close to the boundary of the village of Tendvimuri. It is very badly seen, but 
appears to be of considerable thickness, perhaps twenty feet. The upper portion is so much 
decomposed that no trustworthy estimate could be formed of the quality without digging 
Into the seani: the lower portion appeared to be fair in places. The dip is about loD to 
north-north-west. 

The villagers, as usual, would give no information, so that I could only trace out tin- 
coal seams by the laborious process of searching the beds of the streams, and' from want of 
time I was unable to ascertain whence the greater portion of the fragments seen in the 
Maud were derived; but when passing through Ranchi, fneufenant Sale, in charge of the 
Chota Nagpur Topographical Survey Party, (old me he had found a seam of coal about 
four miles north-west of Rabkub in a small stream running into the Ms'md, and it is probable 
that this may be the source of the blocks I saw in the river bed. 

I should add that several coal localities have been lately found by the officers of 
the Topographical Survey and recorded in their maps. They are all north of Korba 
and Udipur. 

When passing through Jashpur, the Rajah told me that coal has been found in bis terri¬ 
tory in the lvhurea country, twenty-four miles north-west of Jashpurnagar. This would be 
about 100 miles, or rather more, west by south of Ranchi. 

Calcutta,.Hint Hay 1870. 

Note on Petroleum in Burmah. &c\, by William Theobald, Esq., Geological Snrow 

of India. 

Two very distinct sorts of earth-oil are met with in the countries lying to the eastward 
of the Bay of Bengal, viz., the limpid oil of Arakan and the viscid oil of Burmah, which last 
is commercially known as the Rangoon oil from its port of shipment, though really obtained 
at the Yenan-khyoung and other wells in Upper Burmah. The limpid oil of Arakan varies in 
tint from pale yellow to deep sherry brown, with a peculiar opaline tinge, something like that 
produced in alcholtolie fluids bv the presence of fusil oil in excess. The Rangoon oil, on tin- 
other hand, is of very uniform color, a peculiar yellowish green and of tarry consistency. 

1 may here remark that, the only other Indian oil T urn acquainted with is that produced 
in the salt range in the Punjab. This oil is of a consisteney almost intermediate between 
the Arakan and Burmah oil, and differs in tint from both, being brown, devoid of the peculiar 
greenish hue of the Rangoon oil. and of a decidedly reddish color by transmitted light* 
The wells producing the limpid nil are situated near lvyoukphoo, Rarnree, and the neighbour¬ 
hood, and are all confined to the western side of the Arakan range, and none of them occur 
at any great distance from the coast, whilst the viscid oil of commerce is similarly confined ti¬ 
the eastern side of the same range, occurring most plentifully in Upper Burmah, but met 
with here and there in very sparing quantity as low down as the parallel of M ytinoung. 

Of the inode of occurrence of the Arakan oil and of the rocks with which it, is associated 
little is known. The wells are mostly shallow, almost superficial, and would seem only to yield 
sufficient oil for local use, though their productive capacity has probably never been fairly 
tested. 

The Burmese oil is worked much more energetically, though the geological relations of 
the oil are little better known than in Arakan. Some of the Yenan-khyoung wells are, 1 am 
informed, sunk to a depth of ItX) or 150 cubits, first, through a little surface clay and then in soft 
sandstone. The age of these beds is not precisely known, but analogy would point to the 
nummulitic formation as being the source of these oils. In the Punjab, the oil rises through 
contorted beds of nummulitic limestone, and is there in all probability derived from thick beds 
of carbonaceous shale with lignite, which are associated with and underlie the nummulitic 
group. As the miimuulitic group is largely developed in Burmah, we may, in default of any 
precise information on the subject, refer in like manner the Burmese oils to the same group. 

* Or. 01,1mm has drawn my attention to a remark of Mr. Wynne. that the oil obtained near Rawul i’indi -s 
green, when it issues to the surface. The distinction, therefore, drawn by me between the color of the Punjab and 
Rangoon oils would seem to depend mainly on the relative length of time either has been kept, and does not seem, 
as at tirst inferred, to originate in any essential difference of composition.—W. T. 



PART 3.] Theobald: Petroleum m Burmah. i .1 

lu the province of Pegu no liumnmlitic rocks occur at the surface east of the Irawadi, which 
entire region is occupied by a newer group of miocene age or younger, and no petroleum well is 
authentically known within this area. A little below Namian there is a tradition of petroleum 
having once been known to occur, but 1 visited the spot and could detect nothing to coun¬ 
tenance the rumour in the appearance of the sandstone or any of the neighbouring rocks. The 
occurrence of oil, therefore, east of the Irawadi in Pegu must be held to bo an opeu question. 

West of the river, the only situation where petroleum is known to occur which 1 have 
as yet had an opportunity of visiting, is the newly discovered locality at Padoukbeeu west of 
Thaietmio. The well was here sunk to a depth of about twenty feet in soft argillaceous sandstone, 
rather tender and incoherent and of a dark bluish color, drying paler. The beds in the 
neighbourhood are shales and sandstones of the miocene series, dipping at low angles ami 
very little disturbed, and not in the slightest degree altered. The oil seems to have been 
discovered by its saturating the soft sandstone where cut by a small stream in the bed of 
which the well is sunk, the top being a little way up the hank, but the well being carried 
below the level of the bed of the stream. Whether the well continues to yield, I cannot say. 
At my second visit it was abandoned and dry, but I hear it has again been worked. The oil 
from this spot is precisely similar in every respect to the commercial or Seu&n-kbyoung 
oil, and is regarded as equal to it in value by the natives. 

There is no indication at this spot of any fault, and the chances of improving the supply 
by a deep boring are hardly greater than of failure, as there is so little to guide the judgment 
as to the source of the oil, ami as these beds are, I believe, high in the series to which they 
belong, a very thick set of unproductive beds would have to be passed through, unless the 
bore struck a seam containing sufficient oil to constitute a flowing well, the presence of which 
is by no means assured by the insignificant surface indications. 

Note on the Petroleum Locality of Sudkal, near Futtijung, west of Eawul 

Pindi, Punjab, by A. B. Wynne, P. G. S., Geological Survey of India. 

The petroleum at this place occurs (as usual in the Punjab, vide Geological Reports, 
Asiatic Society, &c.,) in the nummulitic tertiary rocks, .fust near the petroleum pits, as well 
as to the north and south, fossils occur, orbitolites being by far the most numerous, hut, bivalve 
shells in a fragmentary state, teeth of sharks, and large bones are also to be found. 

The pits, only one of which is of any depth, are situated in a small open space a couple 
of hundred yards wide from north to south, covered with superficial debris, and bounded in 
these directions by rocky ridges of slight elevation. To the east and west are the sources 
of some of the numerous steep ravines which intersect the country everywhere. 

The tertiary rocks on both of these ridges are much contorted along narrow axes, hut 
still possess considerable regularity of strike in a direction about 10° north of east and 
south of west. They dip at high angles, varying from vertical to 50° or 60° generally west 
of north and east of south, but lower angles aud horizontal beds may also be observed 
forming parts of curves iu the same neighbourhood. 

The rocks consist mainly of gray grits and sandstones, with some bands of gray fossil - 
iferous limestone mterstratified with thick zones of red shale. 

In the immediate vicinity of the pits the strike of the rocks changes to about north-east; 
they dip at very high angles to the north-west and seem to run against a mass of red shales 
within a few yards of the principal sinking, being perhaps faulted, but the relations are almost 
entirely concealed by the covering of superficial debris. 

To the southward of the present works within a few feet dark brown shales and 
sandstones impregnated with petroleum are exposed by an open ‘ drift’ or ‘ stope’ (cut ap¬ 
parently to seed, the. most productive band), and these as well as a band of limestone 
in places saturated with the oil may be traced for a few yards north-eastwards, where a 
quantity of the oil seems to have exuded from the rocks and mingled with the surface soil. 

Owing to the abandoned state of the works at present and the insecure gear at the 
pit s month, it was not found practicable to descend, but as t he pit is only twenty or thirty feet 
in depth, the oil could be seen trickling from the highly inclined strata forming the sides' and 
which dip at the upper part of the pit north-west at 70°. A ‘dhol,’ lowered quietly 
and drawn up as rapidly as possible to avoid loss by reason of its leaky condition, contained 
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about seven or eight vertical inches of the oil floating upon clear water, this being rather less 
than the probable depth of that in the pit, which had been accumulating for three or four 
months. 

It was stated by a native in charge of the place that the oil ran slowly and coagulated 
in the cold weather, in consequence of which the works bad been temporarily stopped, and 
that when in operation about one maund of oil daily could be obtained. The colour of that 
taken from the pit was green, but some found in a neighbouring shed was of a dark 
brown tinge, and burned readily with dense black smoke. 

It is understood that the mineral oil procured from here is to be used in lighting the 
station of Rawul Pindi with gas. A ‘gas house’ was seen in course of construction there, 
and large gas mains lie along some of the roads, so that the question of supply becomes of 
importance: the quantity reported to be obtainable seems so far from encouraging that I 
doubt whether some larger prospiect must not have existed before an expenditure upon gas 
pipes, &c., was sanctioned. 

The locality where the oil occurs is evidently of but limited extent near the village of 
Siidkal, and it would appear necessary, in order to develop its resources, to open much more 
extensively, across the run of the beds, trenches cut downwards to the rocks, which are now 
so much concealed just near the pits. Even if this was done and other pits sunk, there is no 
reason to suppose any of them would he more productive than the present shaft, and so far as 
can he judged from what is visible there is not room for many. 

As to the possibility of an increased quantity of the oil being obtained by deepening 
the existing shaft, it can only he said that as the beds are nearly vertical with some underlie 
north-westward, if these relations are preserved, the pit in depth ought to pass through 
the beds at present yielding the oil and to enter those seen at the surface iu the drift south 
of the pit, where it may be presumed the prospect of finding the oil in sufficient quantity was 
less favourable, or the shaft would have been sunk there. As the bedding of the rocks is 
much disturbed tlicir continuing to lie in the same position for any distance cannot he calcu¬ 
lated upon, but it seems likely that (if it has not already been done) the shaft, might with 
some advantage be carried down to intersect the oil-hearing rocks south of the pit. 

To sum up: from what is now to he seen at this petroleum locality, it would be advisa¬ 
ble to extend the search further before building hopes upon the place as a source of 
supply for lighting Rawul Pindi, and the quantity said by the man in charge to have been 
obtained from the present sinking would hardly warrant expectation that sufficiently large 
results would be obtained by opening other shafts in the same neighbourhood. 

On the occuebence of argentiferous Ualena and Copper in the district of 

Manbhijm, south-west frontier of Bengae,—by V. Ball, Esq., B. A., Geological 

Survey of India. 

Although the greater portion of the district of Manbhum consists of metamorphic and 
sub-metamorphic rocks*, both, but especially the latter, likely to contain ores of the useful 
metals, hitherto no discoveries of the existence of any appear to have been reoorded. 

The occurrence of gold in the streams of Manbhtim and the adjoining districts has, 
however, long been known. Its mode of occurrence has already been described iu these 

pagesf. 

During ray geological examination of Manbhum, the discovery of galena or lead ore was 
made in the following manner:—When at Dadka. a large village forty-five miles south-south¬ 
east of L’urtllia, which is the sudder station of Manbhiim, the Ghatuial brought to me a small 
piece of galena which had been given to him a few years before by some Kumars. He did not 
know what it was, hut used some of it instead of Surma or antimony tor the purpose of 
anointing the eyes of his female relatives. 

By enquiry from the ’Kumars of the neighbourhood. I was, after several failures, at length 
enabled to trace the source from whence the galena had been obtained. The lode, for it 
proved to be such, had been struck some years previously by some Kumars who were search¬ 
ing for iron on the side of a hill formed of mica schist, in which there are a number of 

• Slates, quartzites, schists, &c. t Records, 1869, II. 
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veins or small lodes filled with brown haematite. This hill is close to a dih called Jani-jour, 
where there is an outlying house of the village of Dekia, which lies about a mile east 
from Dadka. 

I could not ascertain that the Kumars had met with galena in any other part of the 
neighbourhood, though excavations for iron were plentiful. 

Having found traces of galena on the surface, I proceeded to excavate, and soon obtained 
a number of fine specimens of the ore. It occurred quite independently of the bedding of 
the schists, sometimes in lenticular masses five or six inches long surrounded by quartz, 
and sometimes in a gangue principally composed of brown haematite and quartz; these 
appearances justify the conclusion that this is a case of a true lode. Owing to the excessively 
jungly and broken condition of the ground, I was unable, during the period of my brief 
visit, to trace the lode for any distance, and for the same reason I was unable to ascertain its 
exact width. Although, therefore, much remains to be ascertained regarding it, still, so 
far as it has been examined, the indications may be affirmed to be promising. All 
who have given the least attention to the history of mining are aware of the capricious 
character of lodes, and of the impossibility of forming even an approximately correct opinion 
as to the value of any particular one—which is not laid open by a natural section—until 
some outlay for excavation has been incurred. 

In addition to the fact of the existence in any part of this country of such an ore as 
galena—supposing it to be in quantity—there are many collateral questions and conditions 
to be considered and ascertained before the commercial value can he properly estimated ; of 
these the most important are the presence or absence of other valuable ores or metals in 
association with the principal, the abundance and quality of labour and fuel to be obtained 
on the spot, the means of carriage with the distance of the nearest mart, and, perhaps, not 
of least importance, the healthiness of the locality. 

With regard to the first question, the assay of some of my specimens by Mr. Tween has 
proved the presence of silver in the unusually large proportion of 119 oz. 4 dwts. 16 g-rs. 
per ton of lead*. The assays of most other Indian galenas have given a much smaller amount 
than this. In Europe, from 35 to 40 oz. per ton is considered quite above the average yield, 
and argentiferous galena containing very much smaller amounts is frequently worked for 
silver with profit. 

Mr. Tween has also ascertained tiro presence of antimony in combination with the lead. 

Regarding the amount of coolie labour to he obtained, I have no hesitation in saying 
that it would bo abundant. Such was found to be the case in Singhbbum, when the Copper 
Company was at work there. 

.Of the fuel, it is not easy to speak with so much confidence: undoubtedly there is a very 
considerable amount to be had close by, as the locality is almost in the centre of the 
heaviest tree jungle In Manbhum; hut all experience goes to show that such a source of 
supply is very precarious and uncertain. Possibly it might be found more economical 
to transmit the ore—should it ever he worked—to the neighbourhood of coal, rather than to 
attempt smelting on the spot. 

The means of carriage are indifferent, or rather bad. Dadka is connected with 
Piirulia by a partially finished road, without bridges, which was commenced during the 
famine. From Piirulia to the Barakttr Railway Station there is a road which has for many 
years been in the hands of the Public Works Department, but is still far from finished. The 
distance by these roads is about ninety miles. Prom Dadka to Midnapore via Silda, tin! 
distance over had roads would be about seventy miles. From Midnapore the ore or metal 
might be sent by canal to Calcutta. 

The climate ia not generally considered healthy for Europeans; still there are many 
worse places in the district. Doubtless the removal of the heavy jungle would ultimately 
produce a beneficial effect. 

The nearest locality to this at which lead has been discovered is at Hisato in Chota 
Nagpur. The mitimonial galena from that locality has been described by Mr. Piddington.f 
From the first specimens sent to him by Major Ouseley he obtained silver in the pro¬ 
portion of 70 oz. per ton of ore ; but other specimens subsequently received did not contain 
a trace of silver. 

* This proportion may possibly not be constant throughout, 

t Jour., Asiat. Soc., Bengal, XI, p. 892; XII, p. 736; XV, p. 64. 
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Copper Ores. 

Copper ores have been discovered in two localities in Mfinbhum. The principal is 
situated on the crushed and faulted junction of the metamorphic and sub-metamorphie 
rocks about one mile north-east of the village of Poordah, Pergunnah Manba/.aar, or about 
thirty miles from Piirulia. 

The rock in which the ore occurs is a coarse mica schist, which is traversed by nu¬ 
merous veins of quartz. Whatever the amount or quality of the original ore may have been 
which existed near the surface, it has nearly all been removed by natives, slight stains of 
the carbonates of copper on the schist and quartz debris alone remaining to indicate the 
object for which the numerous excavations which occur along the outcrop have been made. 

These ancient excavations at the time of my visit were filled up, some with water, 
others with debris, which circumstance, coupled with the fact of the ore having been 
removed, rendered it difficult to form a decided opinion as to the precise nature of the 
deposit. Subsequent examination of the numerous and often well-exposed copper ore deposits 
of Sin glib hum*, which appear to be of mixed character (generally the ore occurs disseminated 
through regular beds of schist; but departing from this rule, it occasionally occurs in 
true lodes), has induced me to believe that these ill-seen Manblium ores also occur in a two¬ 
fold manner. It is possible that, the copper-hearing beds of Manblium may belong to the same 
Geological Zone as those of Singlibluun; but there are arguments against, as well as for, this 
view. The whole question must be treated in greater detail than is now possible. 

The second locality at which copper occurs is near the village of Ivulianpur, or 
about thirty-two miles due west of that just noticed. It is on a small bill formed of schists 
and quartzites, which in one place are stained and encrusted with the carbonates of 
copper. There is an ancient excavation on the south flank of the bill. So far as it is possible 
to judge, the deposit seems similar to No. 1. It is not improbable that the ore may be found 
further westwards, but I did not succeed in obtaining any trace of it in the section exposed 
in the Subanrikti river. There is a small quantity of slag at the bottom of the hill, which 
indicates that the ore which was found here was smelted on the spot. 

The small indications of ore to be seen at the two localities mentioned above are certainly 
not sufficient to justify any expenditure for excavating, more especially as the attempts 
to work the similar, but vastly more extensive copper deposits of Singhbhum, have not 
hitherto proved to be remunerative speculations. 

Various rumours of the occurrence of ores of tin and copper in different parts of 
Manblium have from time to time been promulgated; but the supposed ores of the more 
valuable metals have generally proved to be either some form of iron ore, the green mineral 
epidote, or a bronze-coloured mica. 

30i'h June 1870. 

DONATIONS TO MUSEUM. 

April 2nd.—Specimens of salt from the Sambur Lake. R. M. Adam, Esq. 

,, 26th.—Specimen of petrified grass (rushes) from Java. Mrs. Banziger. 

May 1st.—Two earthen pots from the Andamans and Nicobar Islands, a few stone 
implements, and fragments of pottery from the Andamans. 

Feed. Stouczka, Pit. D. 

„ 1st.—A cup carved in serpentine from Skardo, Little Tibet. Ditto. 

„ 2nd.—Twenty-one ornamental (carved and moulded) bricks from Kiahnagurh. 
Mrs. Wood. 

June Utli.—A perfect crystal of oxide of iron, pseudomorphic of iron pyrites, from 
the foot of Sinawur hill, at head of the Suddoom valley. 

Captain T. T. Carter, e. e. 

„ 29th.—A complete series of tools, used in South Staffordshire for sinking colliery 
pits and for working coal and ironstone. S. Minton, Esq., Dudley. 

* A description of these will appear in a future number in the map accompanying which the position of the 
lead ore will be indicated. 
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la addition to the above, we have received many specimens of various kinds for assay, 
or examination, among which some of the more important were of iron ores from various 
localities. 

The results of a recent search in the neighbourhood of Ilazaribagh yielded to Dr. Coates 
and Mr. Donaldson a considerable variety of ores, the principal of which. were from 
the Karanpura coal-field and its vicinity, examined sometime since, but not published from 
want of a correct map. The following numbers show the percentage of metallic iron con¬ 
tained in each. Of course this is the full percentage, and this proportion would not be 
obtained in manufacture. As the details of these researches will be given elsewhere, we only 
give the localities and percentages here :— 

Belhargadha 
Chbpojugra in the Karanpura valle3T 
Mural Kalan 
Gondalpdra 
Arahiiru stream ... 
Ardhara village ... 
Seam 12 feet thick in Damiida 
Mamin 

30'6 per cent, of iron. 
56-8 
16-4 
373 
42-12 
112 
25-6 
33-8 

A specimen, found loose, to the north-west of Haz/ivibagh yielded 68'7 per cent. With 
the exception of this, which is magnetite, and of the BelhargadM specimen, all the others 
are varieties of clay-ironstone. 

From tiro Wun District, East Berar, the Deputy Commissioner forwarded several ores 
for assay. Some of these were fine rich brown haematite traversed by crystalline veins of 
tlie pure mineral; these varieties were assayed, yielding, respectively, 60'4, 56'3, and 440 per 
cent, of iron. If with these we take the percentage of the pure limonite, we will have— 

63-2 
60-4 
56-3 __ 224 
44-0 “ 4. ’ 

or an average yield of 50 per cent, of 

metallic iron. There are distinct traces of phosphorus. These specimens wei'e from veins of 
segregation traversing the beds; but some of the beds themselves are rich and useful ores 
yielding 48'0 and 45'8 per cent, of iron. 

In the immediate neighbourhood of those ores heaps of old slag are scattered over the 
ground. These slags, the result generally of very crude and inefficient methods of smelting, 
often contain a very large dose of iron, and it was interesting to examine them. Two speci¬ 
mens were assayed; and one yielded 38’0, the other 34'8 per cent, of iron—an amount which 
would be ample to pay for re-smelting these slags in conjunction with other ores. 

In the Yetiak hills, which occur west of the village of that name, near the river 
Painganga, in the southern part of the WtJn District, East Berar. Mr. Hughes and Mr. Feddelt, 
during their recent examination of the country, traced over an extent of some five to six 
miles iu length two thick beds of conglomerate (nowhere less than nine feet) containing a 
large proportion of rolled lumps of a very rich hcematite. This on assay yielded no less 
than G8'5 per cent, of iron with a trace of phosphorus—no manganese. 

All these are rich and valuable ores of iron and occur in largo abundance. The noted hill 
from which much of the ore smelted by the natives in North-Eastern Chanda is derived, the 
Lohara hill, near Bissanpuri, is one mass of iron-ore of a couple of miles in leno-th. A 
specimen brought by Mr. W. T. Blanford proved to be nearly pure specular iron with a 
proportion of magnetic iron, and yielded to assay 70 per cent, of metallic iron! 

ACCESSIONS TO LIBRARY. 

From 1st April to 30th June 1870 

Titles of-Boohs. Donors. 

Arbeiten del- geologisclien section fiir Landesdurehforsehung von Bohmen, Koval 8vo. 
Prag, 1869. 

Barrande, J,—Systeme silurien de la Boheme, Vob, VI, 1 Texte, Distribution, Pt. 2, 
Planches, 351-460, 4to., Prag. 
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Bronn’s, H. Q.—Klassen und Ordnungen des Thier-Reichs, Fortgesetzt von Dr. A. Ger- 
staecker, Vol. V, Pts. 11, 12, 8vo., Leipzig and Heidelberg, 1870. 

Bitbat, A.—Les Houillbres en 18CS). Teste, 8vo., et Atlas, folio, Paris, 1870. 

Caetailjtac, Em. et Tbotal, El. - Matdrianx pour 1’liistoire de l’homme, 5rae Ann., 
2nd ser., 8VO., Paris, 18(19. 

Crookes, W., and RuHEIO, E.—A practical treatise on Metallurgy,in 3 Vols.,8vo.,London, 1808. 

Dollfits-Ahsset.—Matdriaux pour I’etude des glaciers, Vol. VIII, Pt. 3, 8vo., Paris, 
1870. 

ID:kb, Dn. Oswald.—Beibrage zur naturkunde Preussens, Pt. 2 ; Miocene Balbisohe Flora, 
4to., Konigsberg, 1869. 

Jaln'bueh des Scluveizer Alpenclub. v. Jalirgang, 1868-69, 8vo., with Atlas, folio, Bern, 1869. 

Lartet, E., and Christy, II.—Reliquiae Aquitaine®, Pt. X, 4to., London, 1870. 

Marichard, Ollier DEc—Recherche® sur l’ancieuneto de T bomme dans les grottes et monu¬ 
ments megaliques du Vivarais, 8vo., Paris, 1870. 

Moktillet, G. de—Materiaux pour 1’bistoire de F horame, 8vo., Paris, 1868. 

Paijklll, C. W.—A Summer in Iceland, 8vo., London, 1868. 

Paladilhe, M.—Nouvelles miscellanies malacologiques, Tax. 4, 8vo., Paris, 1870. 

Paleontologie Fran§aisc, ou description des animaux invertcbres fossiles de la France, 
livr. 19, Echinodermes, 8vo., Paris, 1870. 

Qitaritch, Beenaed.—Catalogue of Books, 8vo., London, 1870. B. Quabitch. 

Report of thirty-ninth Meeting of British Association for the advancement of Science held 
at Exeter in August 1869, 8vo., London, 1870. 

Scheauf Alb.—Handbuch der Edelstein-kunde, 8vo., Vienna, 1869. 

Van Beneden et Geevals, P.—Osteographie des Cotacis vivants et fossiles, livr. 6 
and 7, 4to., and Alias, folio, Paris, 1870. 

Weiss, Ch. S.—Fossile flora der jungsten Steinkohlenforination und des den Rotbliegen im 
Saar Rbein Gebiete, Pt. I, 4to., Bonn, 1869. 

Wire Tramways, 8vo., London, (Pamphlet). J. Calveet, Esq. 

Peeiodicals, &c. 

American Journal of Science and Arts, 2nd Ser., Vol. XLVIII, No. 144, 8vo., New Haven, 
1870. 

American Journal of Conchology, Vol. 5, No. 3, 1869-70, 8vo., Philad., 1870. 

Annales des Sciences Gdologiques, Vol. I, No. 1, 8vo., Pai'is, 1870. 

Annals and Magazine of Natural History, 4th Ser., Vol. V, Nos. 27, 28, and 29, 8vo., 
London, 1870. 

Citypee, ch. de.—Revue uuiverselle des mines, de la metallurgie, &c., 14me Annee, 
Vol. XXVII, 1 livr., 8vo., Paris, 1870. 

Geological Magazine, Vol. VII, Nos. 3, 4, 5, 8vo., London, 1870. 

Indian Economist, with Supplements, Vol. I, Nos. 6-10, fob, Calcutta, 1870. 
Govt, of India. 

Journal de conchyliologie, 3 Ser., Tom. X, No. 2, Paris, 1870. 

Leonhard, G., andGeinitz, 11. 1!. -Neues jaltrb. fur minerulogie, geologic, and palasontologie, 
parts 1 and 2, 8vo., Stuttgart, 1870. 

Pnheontographica, Vol. XIX, Part 2, 4to., Cassel, 1870. 

Palaeoaiographical Society, Vol. XXII I, for 1869, 4to., London, 1870. 

Peterman, De. A.—Geographisohe mittheilungen, Vol. XVI, Parts II-IV, 4to., Gotha, 1870. 

Pfeiffer, Dr. L. Novitates eonehologietn. Lief, 36, 4to., Cassel, 1809. 

Professional papers on Indian Engineering, Vol. VII, No. 27, and 1 extra number for April 1870, 
8vo., Roorkee, 1870. Principal of Thomason Colleoe, Roorkee. 
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Quarterly Journal of Microscopical Science, New Ser., No. XXXVIII, 8vo., London, 1870. 

Romer, Dr. E.—Novitates conchologicae, Suppl. Ill, Lief. 22, 23, 4to., Cassel, 1870. 

Teoschel, De. T. H.—Archiv. fiir naturgeschichte, 33rd year, Pts. I-VI, 8vo.. Berlin. 

Government Selections, &c. 

Bengal.—Report on legal affairs of the Bengal Government, 1868-69, 8vo., Calcutta, 1870. 

Govt, oe Bengal. 

Report on the result of administration of the Salt Department during the year 
1868-69, 4to., Calcutta, 1869. Govt, of Bengal. 

„ Report on the Land Revenue Administration of the Lower Provinces for the year 
1868- 69, flsc., Calcutta, 1869. Govt, of Bengal. 

„ Report of Meteorological Reporter to Government of Bengal for 1869, flsc., Calcutta, 
1870, hy H. F. Blandford. Govt, of Bengal. 

Bombay.—Selections from Records of Bombay Government, No. CXV, New Ser., and historical 
accounts of the Belgaum District in Bombay Presidency, 8vo., 
Bombay, 1870. Govt, of Bombay. 

British Bttbmah.—British Burnish, Home Department, (Medical Report on vaccination 
for 1868), 8vo., Moulmein, 1870. Govt, of Beitish Burmak. 

„ Records, Government of India in Public Works Department, No. 17. 
Progress Report of Forest Administration in British Burmah for 
1867-68, flsc., Calcutta, 1870. Govt, of British Burmaii. 

India.—List of Civil Officers holding gazetted appointments under Government of India 
in the Home, foreign, Financial, and Legislative Departments as 
it stood on the 1st July 1869, 8vo., Calcutta, 1870. 

Govt, of India. 

„ Narrative of the course of legislation by the Council of the Governor General 
during the official year 1868-69, 8vo., Calcutta, 1869. 

Govt, of India. 

„ Selections from Records of Government of India, (Home Department, No. 74. 
Extracts from reports of Trigonometrical, Topographical, and’Revenue 
Surveys for 1867-68, 8m, Calcutta, 1869. Govt, of India. 

„ Indian Museum, Minutes of the Trustees for 1868-69, 8vo., Calcutta, 1869. 

Govt, of India. 

Annual Report of operations of Post Office in India for 1868-69, 8vo., Calcutta, 1870. 

Govt, of India. 

Madras.—Selections from Records of Madras Government, No. XVI. Annual Report of 
Madras Medical College, 8vo., Madras, 1868-69. 

Govt, of Madras. 

„ Annual Report of Madras Medical College, Nos. XVII and XVIII. Annual 
Report of Civil Dispensary for 1868-69, 8vo., Madras, 1870. 

Govt, of Madras. 

,. Report on the causes of death in Madras during the year 1868, 4to., Madras, 
1869- Govt, of Madras. 

„ Selections from Records of Madras Government, No. XIV. Papers relating to 
survey and settlement of Chelumbrum and Magoody Talook, South 
Areot District, 8vo„ Madras, 1870. " Govt, of Madras. 

N. W. Provinces.—Selections from Records of Government of North-Western Provinces 
• 2nd Ser., Vol. IV, No. 2, 8vo., Allahabad. 

Govt, of N. W. Provinces, 

Oudh.—Report upon the Revenue Administration in the Province of Oudh for the year 
ending 30th September 1869, Pt. I, Reve., and II, Settlement, 4to. 
Lucknow, 1869. Govt, of Oudh.. 
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Oudh.—'Records, Government of Oudh, in Public Works Department, No. 20. Progress 
Report of Porest Administration in the Province of Oudh for 1868-09, 
flsc., Calcutta, 1870. Govt, of Oudh. 

„ Report on the condition and management of jails in the Province of Oudh for 1869, 
flsc., Lucknow, 1870. Govt, of Oudh. 

„ Report on the Police Administration of the Province of Oudh for 1869, flsc., Lucknow, 
1870. Govt, of Oudh. 

Punjab.—Selections from the Records of the Punjab Government, No. VII, 8vo., Punjab. 
Govt, of Punjab. 

Transactions of Societies. 

Berlin.—Monatsbericht del- konigl. Pruss. Akad., January to April 1870,8vo., Berlin, 1870. 
The Academy. 

Calcutta.—Journal Asiatic Society of Bengal, Vol. XXXIX, Part I, No. 1, Part II, No. 2, 

8vo., Calcutta, 1870. The Society. 

Proc. of Asiatic Society of Bengal, Nos. IV and V, 8vo., Calcutta, 1870. Ditto. 

Florence.—Boliettino Comitato Geologico d’ltalia, Nos. 2 and 3, 8vo., Italy, 1870. Ditto. 

Lausanne.—Bull, de la Socictd Vaudoise des sci. naturelles, Vol. X, No. 62, 8vo., Lausanne, 
1869. ‘ The Society. 

London.—Journal of the Society of Arts, Vol. XVIII, Nos. 897-911, 8vo., London, 1870. 
The Society. 

„ Proceedings of the Royal Society, Vol. XVIII, Nos. 116-118, 8vo., London, 1870. 
The Society. 

„ Quarterly Journal of the Geological Society, Vol. XXVI, Pt. I, No. 101, 8vo., 
London, 1870. The Society. 

Proceedings of the Royal Geographical Society, Vol. XIV, No. 1, 8vo., London, 
1870. The Society. 

Palermo.—Giornale di seienze naturali ed economicke del consiglio di Perfezionamentodi, 
Palermo, Vol. V, Fasc., 3 and 4, Part I, 4to, Palermo, 1869. 

Paris.—Bull, de la SoeiiSte Gcologique de France, 2nd Ser., Vol. XXVI, Nos. 4. and 5, 
8vo., Paris. The Society. 

„ Annales des mines, 6me. Ser., Tom XVI, Livr. 5, 6, 8vo., Paris, 1869. 

Philadelphia.—Journal of Franklin Institute. Ser. 3, Vol. LVIILNos. 5, 6, 1869. Vol. LIX, 
Nos. 1-2, 1870, 8vo., Philad. The Institute. 

St. Petersburg.—Bulletin de T Acad. Imperiale des Sciences de St. Petersburg, Vol. XIV., 
Nos. 3 and 4, 4to, St. Petersburg. 
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On the Geology of Mount Tilla in the Punjab, by A. B. Wynne, P. G. S., 

Geologica] Survey of India. 

The fine liill which forms the subject of this brief memoir rises between the eastern 
termination of the Salt -Range proper and the outworks of the Western Himalaya where 
the river Jhelum emerges from them to traverse the vast plain of the Five Fivers which 
united in the Lower Indus (or Sind) reach the sea near Kurraehi. 

It is one of three or four minor ranges, all of which form links more or less between 
the Himalaya and the 8alt, Range. Of these the parallel chain of the Bukrala Hills 
to the north seems to form the most continuous connexion ; but Mount Tilla exceeds them 
all in height, reaching an elevation of 3,242 feet above the sea. It runs generally north¬ 
easterly by east, commences abruptly at its western end, and continues thence lofty for 
about ten miles, when it sinks rather suddenly into high ravine ground, with elevations 
of over 1,200 and 1,300 feet, for about twelve miles further, past the extensive ruined fortress 
of Rhotas. It terminates in low rounded hills a few miles beyond this point, projecting 
into the commencement of the alluvial plains of the. river Jhelum. It is widest where 
most lofty, having a base of three miles, but the extension of the range to the eastward is 
on an average not less than two and half miles in width. 

Neither the Mount Tilla. range nor that of Bukrala to the north appear to have 
any strong relation to the drainage depressions of the country in their immediate vicinity, 
both of these ridges and the valiev between being crossed by the usually dry or nearly 
dry courses of streams, occasionally powerful, as indicated by the depths of their gorges 
and great width of their sandy beds when the currents become slack. With the Jhelum, 
however, ordinary relations seem to exist after it has left the Himalaya ; the direction of 
the Tilla range coinciding more or less with that of the river, and the ground failin'' 
generally towards the latter—except where one of the other chains or groups of hills inter¬ 
venes—on the southern side of the ridge. 

The existence of Mount Tilla as a striking feature of the country—that of Chamlial 
to the south, of the Bukrala range to the north, and indeed perhaps of the wholoSalt 
Range itself—is, through denudation, directly due to huge' dislocation of the stratified 
rocks, placing certain of the beds of greater or less strength in abnormal contact with 
others possessing different degrees of resistance to disintegrating forces. The chief line of 
dislocation affecting Mount Tilla passes along its southern base, obliquely separating the 
lofty portion from the lower extension to the east, and is perhaps continuous westward, 
though concealed, to the great fracture lying in the bed of the Boon liar river, which 
separates the adjacent portion of the Ohambal range from the western termination of 
Tilla, completely discordant dips occurring on each side of the hero constricted channel. 

As results of the forces, or of similar forces to those, which caused this and other 
fractures, the whole strata of the country have been subjected to violent contortion, one 
of the finest‘curves being the interrupted anticlinal formed by the strata of Mount Tilla 
itself and traceable round its western end nearly to the line of dislocation occupying the 
lower gorge of the Boonhar.* 

* On one of the early days of last April a somewhat singular occurrence was observed from the higher parts 
of Mount Tilla. The day was warm and bright, and a very strong breeze blowing, so much so that traversing 
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The denuding agencies acting strongly upon the varying consistencies of the rocks of 
this country have not only produced dominant features coinciding with the principal 
contortions and dislocations, hut in much more minute detail caused their stratification so 
to govern the forms of the ground that the minor contortions in many cases become plainly 
visible in the ornamental hill-shading upon the very excellent one-inch (to the mile) maps 
produced by the Topographical Survey. This is much most prominent in the soft tertiary 
rocks which form so much of the surrounding country stretching far into the outer Himalaya; 
and it- is partly a consequence of the steepness of the angles at which the strata are inclined 
in various directions. A wide belt of these tertiary rocks is known to border much of the 
Western Himalaya. Those which underlie them in the lulls between the Ganges and 
ltavee have also been ascertained and described by Mr. Medlicott in one of the Survey 
Memoirs. Westwards or north-westwards from the Ravee river this succession has not 
yet been clearly worked out, hut what, is known renders it probable that tho geology of 
this part of the hills will he found a continuation of that to the south-east. The very 
interesting Salt Range also exposes rocks older than this tertiary series which have 
not hitherto been identified with the infra-tertiary rocks of the Himalaya range. These 
lower rocks of the Salt Range, however, exhibit local changes, going from east to west, 
chiefly by the admission of new zones and by increase or diminution of thickness, and 
present a marked absence of all metamorphio strata. Hence it becomes a. fair inference 
that the formations inferior to those of the tertiary belt above alluded to, and the con¬ 
ditions which produced them, had very considerably altered within the large area indi¬ 
cated ; and some knowledge of the region wherein the transition commences would be 
very desirable. This region cannot lie yet pointed out, indeed it may very possibly be 
entirely concealed by the newer rocks; but Mount Til la is one of the nearest known 
places to the Himalaya range where the Jocks it xt beneath the tertiary belt appear, outside 
or within its Mints, as these may he assumed. These lower rocks appear only at the top 
and southern side of the lofty western part of the mountain, the extension of the ridge 
from this to beyond Ehotas being formed of the tertiary beds. 

The section afforded by the hill is as follows in descending or natural order:—* 

6. Tertiary [Sandstone and clays chiefly, with some) . , 
•7 l conglomerate beds ... ... ) 

5. Nummulitie limestone 
^ f lied slmly and flaggy zone, with ) 

' | pseudomorphio crystals j 
3. Pseudo-limestone and compact sandstone zone 
2. Black-shaly zone 

^ Purple sandstone zone ... ... ^ 
1. ] Purple shale and ... ... ... £ Saline group 

(. Red saline marl ... ... ... J 

A vcrctge thickness. 

( Only part in section, 
{ about 6,080 feet. 

Maximum 30 „ 
( Very vari- ) - 
( able, about j ' 

150—200 
200 

( 250—300 
100 

( 20— 30 

- 120 

a knife-edge surmounting a precipice of several hundred feet in height, it was found necessary to proceed on 
all-fours. The wind came from the northward in such a way that much of the nearly two-miles-broad channel of 
the Bo on ha r rner to the south just below the mountain would have been thought sheltered. So far from this 
being the case, it was here only that the gale seemed to take effect, raising vast clouds of sand, completely 
obscuring the distant country, while on either side beyond the limits of the mountain where tho 
river course was not so sheltered the equally dry sand was not seen to rise at all- My guide observed, “ the winds 
urc born on Tilland it certainly seemed as if its great mass had so influenced the temperature of the air that 
the storm was local, or its strength limited to the vicinity of the mountain: or it may have been an eddy behind the 
obstructing hill-mass.—A. B. W* 

* For the purpose of comparison with the distant succession 
general section is abstracted l'rorn Mr, Medlicott’s Memoir;— 

between the Ganges and Ravee, the following 

Sub-Himalayan Series. 
Upper. Sivalik 
Middle. Nahun 

Lower. Subathu 

Himalayan Series. 
Unmetamorpliic— 
Xrol . Ivrol Hill 
Infra-Krol ... ditto 
Blini. Blini River 
Infra-Blini ... Simla 
Metamorphic 

Conglomerates, sandstones, and clays. 
Lignite sandstones and clays. 

( Kasaoli, gray and purple sandstones. 
- Dugsinii, purple sandstones and red clays. 
(Subatliu, line silty clays, with limestone.—(Nummulitie). 

Limestones. 
Carbonaceous shales or slates. 
Limestone and conglomerate. 
Slates. 
Crystalline and sub-crystalline rocks. 
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Comparing the two sections, it will be seen that the Nahun and Subathu groups, excepting 
the lowest portion of the latter, are probably unrepresented on Mount Tilla; purple sand¬ 
stones, if occurring at all. being quite inseparable from the remainder of the lower tertiary 
sandstones and clays, which, from th'eir fossils, were identified by the late Dr. Falconer with 
the Sivalik rocks. 

But little of the nummulitie (P Subathu) beds are seen at Tilla; and there is no 
appearance here of the unconformity to their underlying strata recorded by Mr. Medlicott, 
though this would not be reason for its non-existence. Omitting the red shaly and flaggy zone 
of Mount Tilla,—which is variable in thickness and not always present,—some parallel 
may exist between the calcareous pseudo-limestone with its underlying black shaly zone 
and the Krol and infra-Ivrol groups of Mr. Medlicott's unmetamorplno Himalayan series ; 
but even with the aid of that gentleman’s able memoir it would be hazardous at present to 
attempt the correlation of these rocks. 

Several beds of the sections to the westward have disappeared at Tilla; notably the 
black-shale group beneath the nummulitie limestone, containing all the coal and coaly 
deposits of the eastern portion of the Salt Range, and which can hardly he said to he repre¬ 
sented by a few traces of dark coloured shale, existing where they ought to come in. 

The true red salt-marl of the Salt Range makes but a very poor show along the 
southern base of Mount Tilla. It can he seen in somopkees near the villages of Nam and 
Pind Sevieki, hut is greatly overrun and concealed by detrital accumulations from the 
cliffs and hills above. Only 20 or 30 feet have been given for it in the section ; the thickness 
would, however, doubtless much exceed this if it could he well seen. It is of the usual 
bright red color, and gypseous saline nature; hut although srdt 1ms been manufactured 
from the impregnated water it discharges, no actual rock-salt has been found in it. 

The upper portion of the marl is, as usual, purple, and more shaly, and is frequently 
seen at the base of the purple sandstone cliffs. Its thickness, as estimated, may he too 
great, hut allowance has been made for a portion that is unseen in most of its exposures. 

This shaly portion of the marl passes up rapidly into strong purple sandstones of exactly 
the same color. They are generally fine grained, have no pebbles scattered through them, 
and, from being somewhat saline, have white efflorescences, yielding easily to the weather; 
they contain spangles of mica,; and the stronger beds, from the ease with which they can he 
dressed, are used as building stone. The thickness of this rock, from causes to be presently 
pointed out,, is sometimes deceptive. It forms a very considerable portion of some of the 
finest cliffs, where it cannot he much less than 300 feet, though in such situations its depth 
could he only estimated. 

Next above the purple sandstone is a strong hand of dark colored gritty shales and 
lighter colored sandy flags and layers (2); the whole having a lumpy aspect, and glistening 
with mica; the deposition surfaces are frequently glossy and covered with black earthy 
films. In these beds nnneliclan, crustacean or fucoid markings are numerous; arid else¬ 
where they have furnished the earliest traces of distinct fossils in the Salt Range, these con¬ 
sisting of small bivalve shells as yet undetermined ; strong ripple-marks also occasionally occur. 
Resting immediately upon this shaly zone is a massive hand of compact silicious sandstones 
and sub-calcareous rocks (3) of light color, often nearly white. Some of them are breeciated 
or pseudo-conglomeratic; and many, under the influence of the weather, assume the 
peculiar fantastic forms of decomposing limestone. A specimen of the latter variety from 
Mount Tilla yielded on analysis, according to Dr. Fleming, nearly equal parts of white 
quartzose sand, carbonate of lime, anti carbonate of magnesia. Their rough aspect and 
a peculiar surface appearance, as if likely to contain fossils, has led to frequent searches, hut 
nothing oi organic form has been found beyond the ohsoure tracks noticed in the foregoing 
group. The beds are frequently massive; this character, their strength and the association with 
softer beds below, having doubtless been the first conditions that resulted in the fine cliffs 
along the southern face of the range. Many valuable building atones could be obtained 
from this group, and some are said by Dr. Fleming to bear a high polish (Jour., Asiat. Soc., 
Beng., Vol. xxii, p. 265). 

The n<srt overlying group (4) is largely developed only at the western end of the range. 
It presents a strong contrast to that just mentioned, being formed of deep-red flag’s and 
shales, sometimes spotted with green, the flaggy slabs being often studded with projecting 
angles of casts ot cubic crystals, the mineral—in all probability salt—having been entirely re¬ 
placed by sand. The flaggy layers are frequently of light color internally, the bright-red hue 
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being derived from the intervening earthy shale layers highly charged with iron-oxides. The 
latter become more numerous upwards, until the superior portion of the band is found to con¬ 
sist entirely of crimson and purple clay or shale. This group occupies a good deal of the 
ground from near Pind Sevicki by Ohoya Goojaron-ki, and above Nava; beyond which 
place it passes to the north side of the mountain, becomes thin, and thereafter is seen but 
fugitively hero and there as well as near the summit.* 

In some spots, particularly on the northern slopes of the mountain, vestiges of the 
nunnnulitie limestone group (5) so largely developed westward are apparent, resting either 
upon the red zone or, in its_ absence, upon the strong band beneath. It is seldom at all 
clearly seen; generally appearing as a thin white streak of debris, somewhat shifted and 
borne down the bill, and often overrun by other detritus ; but at one spot, where rather 
thicker than usual, it was found to consist mainly of the white, lumpy or yellowish variety 
usually occurring near the base of the group. Some gray, compact beds overlie this; 
and there are traces of a few dark shales in its lower part," as also of a peculiar bed of 
compact, variegated, red and white clay rook, frequently observed elsewhere at the base of 
this limestone group. The rocks on Mount Tilla contain but few of the numerous fossils 
of the group so far as could be seen. 

A small outlier of this limestone occurs below the road north-east of tlie houses on tho 
summit of the bill, having subsided with the other strata along a fault; and in the opposite 
direction, just beneath the precipice on the edge of which the highest bungalow is perched, 
remnants of the variegated clay-bed before mentioned indicate that the limestone bus 
barely been removed if, indeed, some of it in situ is not concealed by sub-aerial rain-wash. 

The inferior portion of the_Siy.il ik group ((!), which rests apparently with complete con¬ 
formity upon the uummulitic limestone, is mainly composed of strong, gray sandstones of 
rough texture and softer nature than any of those lower in the series. 'Thick beds of 
lumpy pseudo-conglomeratic shale also occur, and some beds of red, slialy or marly clay. 
Large fragments ot si lidded fossil wood are very numerous in some localities, particularly 
on top of the western end of the mountain. Over these clays comes a broad zone in which the 
sandstones alternate with thick beds of red clay at tho northern base of the hill for fully 
1,600 feet; and this zone is succeeded by another of probably much greater thickness, 
in which tho intercalated beds of clay are of a pale brown color, thero being little difference 
in the sandstones throughout. 

The less elevated continuation of the ridge from Mount Tilla proper on by Ehotas is 
formed almost entirely of what appear to be the lower portion of these Sivalik rocks, greatly 
crushed and contorted,_ generally inclined at steep angles to the north-west, but in some 
places more nearly horizontal; while contrary dips occur on the Jhelurn (or south-east) side 
of this extension of the ridge. 

To the eastward and east by north of Rhotas, the termination of the Tilla chain is 
fringed by low, rounded bills of loose conglomerate or pebble beds, mainly composed of 
smooth well-worn limestone and metamOrphic rock debris. These pebble beds also appear, 
generally in a disintegrated state, in the fine anticlinal, section of the Kalian gorge near 
Rhotas, and in one place were seen to rest uncoiit'ormably upon the Sivalik rocks; but 
owing to the extremely incoherent nature of the rock and its liability to Lave its debris 
re-arranged by atmospheric action, this cannot be asserted without considerable doubt; 
though to the east, along and near the Grand Trunk Road, the general arrangement of the 
conglomerate seemed discordant to the undulating dips of the Sivalik beds ; while the way 
in which the hills were overran with pebbles and boulders left small hope of satisfactory 
evidence being here obtained upon the point. 

Besides the fossil wood observed upon Mount Tilla, some fine mammalian remains were 
formerly procured from the Sivalik beds between that and Rhotas, and were determined by 
l)r. Falconer, as already mentioned. A set of beds containing numerous imperfect fragments 
of these bones runs along the summit of this lower portion of tho ridge close by the road 
from Rhotas to Tilla, near a place called Tluirbole. The bones were found in a frag¬ 
mentary state, imbedded in the matrix as well as lying loose upon the surface, but though 
some time was spent in the search, few useful specimens unfortunately could be obtained ; 
and, to procure such, a subsequent and special mission would lie probably required. 

* Tlie thinning ont of this red zone mov, perhaps, be partly due to pressure and slipping on the highly inclined 
slope of the beds at the north side of the hill, where the flaggy lower portion only is seen. 
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It will perhaps be observed that—though, as has been said, the lofty portion of the 
ridge of Mount Tilla coincides with a fractured anticlinal curvature of the strata which 
might bo expected to assume approximate horizontality on the axis of the ridge—the height 
of the hill is given at over 3,200 feet, while the total amount of the thicknesses of groups in 
the sectional table only reaches about 1,000 feet, excluding the tertiary Si valik rocks 
which mainly lie in tho plain below and on the northern slopes of the hill. To explain 
this seeming discrepancy, it may bo stated, 1st, that the height of 3,200 feet is attained 
by the mountain just at the point where the beds commence to turnover: 2nd, that the 
axis of the contortion rises towards the summit of the hill: 3rd, that 800 or perhaps 900 
feet must he allowed for the height of tho general southern base (the outcrop side) of the 
mountain, and that a considerable sloping talus above this is formed of slipped masses 
and debris at the top of which the section of the vertical cliffs begins to become visible. 
Added to these there are three, if not four, step-faults along the south-eastern side of the 
highest part of the hill, each of which repeats some portion of the strata, as seen in the 
accompanying sketch section :— 

Mount Till a 

5242. 

1000 {eel V't.rhaal. One Milt — Gor ox onhxd 

Section across Mount Tilla, looking south-west. 

1. Purple sandstone. 4. Red, shaly, and flaggy zone. 
2. Black, shaly zone. 5. Nummulitic limestone. 
3. Pseudo-limestone and compact sandstone. 0. Tertiary (Sivalik) beds. 

With regard to the physical structure of the remainder of the hill, the upper portion of 
the anticlinal curve expands to the west, beyond two deep coombs or glens, one of which opens 
broadly to the south, but enters into the very heart of the mountain ; this expansion of the 
arch being accompanied by so slight a southerly dip that the lower members of the series 
present,_ even to the lowest of all (the red marl), appear at tho base of the hill along a line 
which sinks gently to the west-south-west. 

Along the Boonhar fault in this neighbourhood, some difference in the section is per¬ 
ceptible, the group No. 2 of the above figure having apparently thinned out both on the Tilla 
and the opposite side of the gorge : the purple band beneath seems to he also thinner; but the 
ground is much obscured by local slips, small faults, and large detritus from the pseudo-lime¬ 
stone group which, with many undulations, sheets the hilly ground or plateau about Chova. 

Beyond tills plateau and above it. a somewhat tortuous cliff-line extends along the brow 
of the hill, broadly edged by the nearly horizontally rolling beds of the red, flaggy, and shaly 
band; while the tertiary strata of the plain beneath rise at a steep angle on the northern 
slopes, and, like the crest of a wave, overlap the ridge, forming most of the lol'tv ground 
westward of the summit. 

Tim extreme western termination of tho hill is very abrupt, and some complicated faulting 
occurs just at Pind So yield, the last of tho high ground being formed of the red, flaggy, nnd 
the underlying group, either vertical along a west-north-west line (coinciding with” that of 
the Chambal scarp), or dipping with the steep ground at high angles to the westward, hut 
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curving suddenly round the peak called Thob, at which place the north-westerly inclinations 
commence, that fix the steep character of all the northern side of the lofty ground. Round 
this peak of Thoh, too, as a centre the strongly marked strata of the Sivalik (tertiary) 
group are boldly curved so as to enfold those which form the hill; the former, all more or less 
on edge, being frequently so perfectly vertical that all trace of their outward dip is lost. 

At the north-eastern extremity of the lofty ground the dislocation of the rocks is 
accompanied lty violent contortion both of the Sivalik and older beds, its intensity diminish¬ 
ing considerably along the lower extension of the ridge to the north-east. 

Gold is said to be washed from the sand of the Boonhar river. Its source is probably 
among the Sivalik sandstones and conglomerates, formed of Himalayan detritus. The 
washing is carried on after rain. 

The summit of Mount Till a, though affording small space of at all level ground, will 
doubtless attract attention as a sanitarium within easy reach of the Military station of 
Jhelum. It commands a splendid view of the snowy Pir Punjal range; is said to he, 
and most probably is, much cooler than the plains, for wdien visited on an extremely hot 
April day. the temperature in the shade was very refreshing. 

A road in excellent repair, gave where it passes through the tertiary ravine-ground near 
Dariala, leads from Jhelum to the houses on the summit; and the hill, though by no 
means completely bare on top or on the northern slopes, is not crowded with jungle. 

The chief difficulty, as usual, would he a large and continuous supply of water. Exten¬ 
sive tanks exist, one of which is well placed, but lies rather low iu order to obtain a 
catchment basin. The disposition of the strata affords little encouragement to sink wells ; 
though the black, shaly zone might, he found retentive. Some springs there are, and others 
might he found, where the tertiary strata Cap the ridge, hut this is at a distance of from four 
to six miles, and a road would have to he made to them, so that probably the best method 
of increasing the supply would be by multiplying the number of tanks and making them as 
little liable to leakage as possible, one large structure of the kind on the north side of the hill 
having been found quite empty, owing, as was said, to this fact of its leaking. 

The Coi>per Deposits of Dhalghum and Singhbhum. 

The following papers on these copper deposits consist, of, 1st, abstracts of two papers by 
M. Emil Stu'hr, the accomplished mining geologist employed by the Company lormed to 
work the mines; one in the “ Vierteljahrschrift der Na.turlbrschenden Gesellschaft” in 
Zorich, Vol. V, p. 329, 1860; the other in the “Neues Jahrbuch fur Alin. Geo. u. Pal.” for 
1864; and, a recent report by Mr. V. Ball, of the Geological Survey. Scientific observ¬ 
ations iu connection with mining operations in India, are so rare that it is important to 
place the experience and the opinions of AI. Staff r on record in a form easily accessible to 
the Indian public. The works being abandoned, the mine-sections were not accessible to the 
Geological Surveyors. The localities mentioned by AI. Strnhr may be followed upon the map 
attached to the second paper. 

1.—The Copper AIines of Singhbiiuh, by AT. Emil Stiehh. 

1. General Geological features: Schists.—It is only in the south and west of the 
region under notice that granite and gneiss-granite appear, forming dome-shaped hillocks 
seldom more than 100 leot above the flat. The old rock-formations—meta morpliics—of Lyell 
behave very differently; they Conn a system of parallel ridges from west-north-west to 
east-south-east, ranging in elevation to 1,900 feet and under. The strike of the ridges is for 
the most part the same as that of the schists, except, in a few places to the east; up to 
Sideshor the strike varies from east-7°-sonth to east-30°-south; from there it is east 37°-to 
60°-south. The dip is constantly to northwards, at from 15° to 50,° mostly from 20° to 35°. 
This structure decides the form of the hills—steep on the south and sloping on the north. 

These schists present many varieties, scarcely any form of metamorphic rock is un¬ 
represented ; day-slate of the most various types, from soft day-slate to rooting slate, with 
quartzose varieties, or sometimes quartzites, forming the ridges; mica-, chlorite-, talc-, 
hornblende-, and quartz-schist with quartz-rock are the most prevalent. Occasionally gneiss 
is found, but without any continuity or constant position in the series. There is a peculiar 
rock composed of round grains of quartz in great number (often exceeding the matrix) in a base 
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of clay-slate. At the junction of the sedimentaries and the granitics there occurs a strange 
quartzose formation, a true arkose, many feet thick and almost vertical; in which are found 
angular fragments of the different metamorphics, in a fine quartzose mass. Of minerals 
I obtained garnet, schorl, kyanitc, rhatizite, and chloritoid (of Kenngott); also a bine-black 
mineral of an elongated form, which Kenngott considered to be apatite united with a car¬ 
bonaceous substance. 

2. Greenstone dykes.—The irregularities that these ranges exhibit are due to the pre¬ 
sence of transverse dykes, especially of diorite. Simple inspection cannot determine whether 
the greenstone is amphibolic or pyroxenic—diorite or diobase; T incline to consider it diorite. 
Generally hard, it often becomes soft, changing to aphanite; at Paraum near Dlioba it is almost 
serpentinous, containing nearly 10 per cent, of water. Not far off are considerable runs of 
potstone, which this aphanite seems at all events to approach. In other places the greenstone 
passes into greenstone-schist, following the strike of the series. Although these dykes do not 
always come to the surface, they can he traced at intervals in long ridges recognisable from a 
distance as longitudinally extended lines of conical hills, generally double-topped. The 
strike of these diorite masses varies, generally north and south, or 15° on either side. 
Where such a north-south range crosses those of the older rocks all is confused; still a most 
picturesque conical hill always detaches itself from the mass. This very hornblendic diorite 
has a remarkable tendency to spheroidal structure, and appears on the summits split into 
vertical columns, like ruined castles. It is noteworthy that one often finds such clefts with 
quite fresh surfaces of fracture : this is the result of the sudden cooling by rain of the rocks 
when highly heated by the sun’s rays, as I determined by direct experiment. These diorite* 
are so rich in iron that they often disturb the magnetic needle, and weather into iron-sand. 
The diorite cones seldom form considerable elevations ; but this is not without exception, as at 
Bagmuri, 2,000 feet high. Where the diorites come in contact with the sedimentaries these 
are altogether metamorphosed; basalt-jasper occurs; the schists are calcined, and columnar 
divisions are frequent. These greenstones are not limited to the north and south dykes. 

Whether the introduction of the greenstones has had any connection with the appearance 
of the copper oi-e must for the present remain undetermined ; it would seem the more 
likely, inasmuch as the potstone and serpentine formation is certainly so connected. 

3. Granilics.—These diorites run into the granitic area to the south and west; where 
gneiss-granite and, less frequently, true granite form dome-shaped hills; these also here 
observe an east-west direction in long parallel ranges above the plain, Unversed by the north- 
south diorites—an arrangement that gives to the whole area a strange chessboard-like aspect. 
At the intersections of the two systems of ranges, the most picturesque cones occur; 
and remarkable development of mica appears in the granitic rock, so that the mica is applied 
to many ornamental purposes. 

4. Laterite.—In India many different formations are grouped under the name of 
laterite. There is the laterite of the plains formed of detrital matter into which the iron 
constituent came from without, probably from springs; such is the laterite of Midnapur. 
From these are to be distinguished that which owes its tbrmatiou to the decomposition in 
situ of ferriferous rocks; such is the only laterite known to me in our district, as on the 
summit of Mahadeo, derived from the ferriferous diorites. 

_ 5. Mineral prodnHs.—I have already mentioned the potstone that is worked into 
various utensils. I may here notice an ochreous schist that is used as a dye. Of ores there 
are—iron ore, sometimes as a vein, sometimes stratified; mostly pure magnetic iron (see 
Berg- und lluttenmiinnischen Zeituug for 18G3); seldom red haematite, and once only 
brown hsematite; then the rich copper oro, which was the object of my journey to India. 

6. Copper ore: its range.—This copper ore would be interesting if only on account 
of its unusual longitudinal extension—for 80 miles it' not, more. I have examined it more 
closely through a length of 05 miles, from Lopso hill in the west to as far as Badia in the 
east. I know nothing of its further distribution in the western forest-clad hills, but in 
its eastern range it goes far beyond Badia to Bairagurha, the most south-east point on my 
map; and so far as I examined the intermediate hills, traces of the ore were found everywhere; 
but in its longitudinal range, it appears most in the northern hills. 

7. A lode, or bedded.—The strike and dip so coincide witli thoso of tire containing 
strata that one is induced to consider the mineral deposit as stratified; against such a 
supposition there is the vein-like mode of deposit, the frequent cuirasses and slickensides, 
the occurrence of druses, and the broken outcrop. At all events the deposit is a filling of 
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cracks parallel to the layers of the containing rock ; and the formation of these cracks was 
probably contemporaneous with the upraising of the schists. Following the structure of 
the containing rock, the deposit was originally variously irregular; and this condition was 
aggravated by the intrusion of the diorite. 

8. Several outcrops.—Proceeding from north to south there frequently appear two 
or even three consecutive runs of copper ore; it would thus seem, partly that one and the 
same band was brought several times to the surface by upheavals, partly that a system of 
parallel deposits truly exists. At all events we can recognise at several places two parallel 
ridges, or lines of outcrop, sometimes miles apart, sometimes coming so close that they 
almost commingle. Going from west to east we find, quite to the west, near the Lopso hills, 
two runs of ore scarcely ten minutes from each other ; a third more northern locality seems 
only due to a local disturbance. These two runs separate to eastward, being several miles apart 
at Khursowa, until they appear to come together again in the Akarsuni hill. From there to 
Tamba-dimgri (copper hill) the deposit is buried beneath the deep soil of the plains. At 
Tamba-dungri one run appears which can be traced over Jamjura, then bending southward to 
Landu, and then again northwards to the summit of the conical hill Chundru. A little north 
from Jamjura a second band shows, which runs northwards from Landu to C'hundra, at the 
summit of which these two runs are scarcely two fathoms apart. From here the two separate 
again, one goes south to Matku in the plain, where it is concealed; one to Hitku, Lanka, 
etc,, in the north flanks of the Rangi hills. Here there is a break of several miles where I 
was not fortunate enough to find the ore : finally it appears again at Racka and proceeds 
then in a long line following the north hill-flank. Between Bindrabun and Sideshor the 
st rike alters, from east-37°-south to east-60°-$outh; also the intruding diorites disturb the 
rocks much, and with them the deposit. In their further course eastward the hills trend rather 
back, and the deposit gets gradually into the plains. At Pathur-ghora, we find again two 
lodes, probably, however, only the broken parts of one and the same main lode which unite 
at Bairagurha. From here all goes straight, except once at Karapathur there is a disturb¬ 
ance ; the contorted and crushed strata are confused and the rock almost altered into gneiss. 
These schists are stuck up to north by a south to north upheaval, and twisted round the 
Karapathur, till at last all becomes normal again. 

9. Varieties of the ore and gangue.—As for the ores themselves :—when removed from 
the influence of the atmosphere the iron ores are, mostly magnetic iron, less often pyrites : the 
copper ore, too, is seldom pyrites, mostly glance-copper and red copper ore; either ore indeed is 
seldom pure, but mostly the two in intimate variable mixture, so they almost form a peculiar 
ore of blue-red colour, soft, and with red streak. According to several analyses (among 
others by Frcsenius and Roth of Heidelberg) the proportion of sulphur varies from 9 and 
more per cent, to complete absence; and also the total of copper from 42 to 64 per cent.; 
the ore is always contaminated with iron, from 5 to 12 per cent. It seems that when sulphur 
is quite absent, glance-copper is also wanting and the red-copper is not pure but mixed with 
black-copper; also in many places black copper occurs in strings and disseminated, and is used 
by the native beauties as a black dye for the teeth. Beautiful rosettes of red-copper appear 
detached, no doubt the result of decomposition. In the upper levels the saline ores occur as 
the result of alteration, malachite, less often azurite, and brown spar. The whole gangue 
and ore are often so decomposed (hat these products are formed to a dc-pth of 15 fathoms. 
As a ternary product of decomposition, on the heaps and scattered, I may mention 
chrysocolla, iibethenite, and chalcophyllite. 

I must again notice the intense atmospheric action ; often at the depth of 30 running 
fathoms the decomposition had not ended ; the earthy quartzite-schist had become decomposed 
and penetrated with malachite and brown iron ore. 

Malachite, in solid masses, compact and earthy, seldom fibrous; in the upper levels the 
only ore, where it occurs in film and fragments, or mixed with brown haematite, impregnat¬ 
ing the whole gangue, which then contains from 2 to 8 per cent, of copper. It occurs besides 
as infiltrations in cracks and slender clefts where a rich deposit ends or begins. It is always 
more or less mixed with silicious earth and ochre ; the purest pieces give— 

Oxide of copper 
Iron oxide ... 
Water 
Carbonic acid 
Alumina 
Insoluble ... 

6*20 
8-87 

lo'15 
•S3 

I5'95 

99'73 
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Red copper ore, in solid masses from the size of a nut to several feet in diameter in a 
silicious matrix, sometimes filling the whole lode and enclosing angular pieces of quartz, 
sometimes in strings and flakes ramifying through the rock. This is the most important 
ore, seldom indeed pure, almost always mixed with blaok copper and iron oxide. As the 
malachite is due to the further decomposition of this ore, so is it of glance-eopper; some 
specimens show the three states. It is difficult to find red copper entirely free from copper- 
glance ; apparently pure red copper specimens have given 8 per cent, of sulphur. The mixture 
with iron oxide varies from 0 25 to 18 per cent. It is too always mixed with black copper; 
and it was interesting to know if the proportion were constant; analysis showed it to vary 
from 63'7 per cent, sub-oxide and 33’6 of oxide to 60T1per cent, of sub-oxide and 4674 
of the oxide. It is only an indefinite mixture. Often the oxyde is in excess, the ore being 
dark brown, with black metallic streak. The common variety is brown red to cochineal red, 
with red streak, and in pure pieces, a fine crystalline texture. This quality, with hardness 
of 3, sp. gr. 5'623, gave— 

Sub-oxide ... 
Black oxide 
Silica 
Alumina and iron 
Lime 
Magnesia ... 

Others gave traces of manganese and bismuth. 

Blade copper occurs only as a coating, and at most in strings as thick as the back of a 
knife and always mixed with red copper and iron oxide. 

Copper-glance, massive, mostly in kernels. It is at all events the original undecomposed 
ore; seldom pure, almost always with iron oxide. 

Copper pyrites seldom found; and only sprinkled here and there. 

Azurite, as a crust. It is remarkable how seldom it appears where malachite is so 
abundant; I only know of one locality. 

Libethenite and Chalcophyllite, in small crystals in the old refuse heaps; similarly 
Chrysocolla. 

Native copper, in massy rosettes and flakes; rare, and only where surface water can 
penetrate; associated with malachite, of which it seems to be a reduction and not of red 
copper. 

Copper urtmite was found on Lopso. 

Iron ores,—Brown iron ore; in the upper levels often filling the whole lode, as ochre 
or as solid brown haematite. 

Magnetic iron in crystalline granular masses, sometimes even filling the whole lode 
mostly mixed with specular iron (Eisenglanz). Analyses of fragments of the old copper 
reguliis gave traces of silver and gold, and 10 per cent, of iron. Assays made in London 
proved the ores to contain silver: an ore of 31 per cent, of copper gave 0'0678 per cent, of 
silver, one of 60 per cent, of copper gave 00039 of silver. The silver then cannot he prin¬ 
cipally contained in the copper ore, hut in the gangue. 

10. Distribution of the ore,—Copper is not the only metal this deposit contains ; iron 
predominates; so that one may describe the deposit as one of iron ora rich in copper. The 
copper-contents are themselves very variable, from traces up to the richest ore. Tire action of 
the intruded diorites appears to influence the proportion of copper; they may come quite to 
the surface or only produce a north-south upheaval, the richest copper deposits always being 
in their neighbourhood. In the preponderating quartzoso gangue the ores occur in loaves or 
threads, from paper thickness to several inches, ramifying through the mass; sometimes 
binding angular quartz fragments, sometimes in compact masses; often tilling the whole 
vein. Elsewhere they show in lenticular lumps from the size of a hazelnut to that'of the 
head, having flien generally a covering of talc or chlorite in the qnartzose base. Sometimes, 
but seldom, the qnartzose veinstone fails, and contorted, crushed, broken chlorite- and talc- 
schist enclose lumps of quartz and strings and pieces of ore. Once or twice the veinstone 
was quite porphyritie. 

63'72 
33-60 

1-02 
0-76 
0-64 
0-10 

99-83 
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Tlie root and floor of tliu deposit are not confined to any particular kind of rock of the 
metamorphic series; many different rocks occur as such,—clay-slate, chlorite-, talc- and 
mica-schist; but always a schist; quartz rock never occurs as roof and floor. The strike is the 
same as that of the rocks ; in the west, from east-west to east-35°-south; in the east so 
much as east-600-sonlh._ The dip is 15° to 50°-to northward, mostly 2»l° to 36°. The normal 
width ol the lode is 20 to 22 inches, at which the ore is richest; sometimes filling the whole 
vein. It often expands to three feet and over; but then the ore scatters and the richness 
suffers. W hether a workable ore extends, and how deep, is unknown; the ancients only 
worked that nearest the surface; hut wherever I opened old works and went deeper good 
ore was touml, generally after cutting through some poor ground, so that, at 100 to 120 feet 
the ore still always hold out. At the time of my departure the point at which research had 
been carried farthest was at Landu; there 212 feet had been reached, but already at 190 feet 
the ore had. decreased, and at last was quite lost. Whether there only happened to be poor 
ground at this spot, or whether generally the ore does not extend to the deep, is unascertained: 
I would almost decide for the latter opinion. The deposit is of course not worth working 
throughout its entire extent; hut rich parts alternate with poor or even with barren; to find 
the first was therefore the chief endeavour: and we were successful at many points in finding 
such rich localities. 

In the Lopso and Siren section the ore is associated with quartz- and mica-schist. 

At Podumpur with a sandy mica-schist containing schorl. 

At Akarsuni with black mica-schist and quartzose clay-slate, close to greenstone; granite 
also shows in the neighbourhood. The detritus on this granite is washed for gold. 

At Tamba-dungri, a greenstone that does not reach the surface seems to have raised 
tlie schists and partly metamorphosed them locally into gneiss and quasi-granite, and the 
ferruginous schist into jasper. The top of the hill is burrowed all over with little pits 60 
feet deep. 

Tlie northern run at Landu is in quartzose schist accompanied by mica-and chlorite- 
schist: the southern in mica- and chlorite-schist with associated quartz. 

At Chundra the ore occurs with quartz gangue in mica- and chlorite-schist and quartzose 
clay-slate. 

At Matku in the quartzose clay-slate and quartz-schist. 

The northern lode at Chura-dutigri and Hifku is in quartz-schist; at Pahlu-dungri in 
chlorite-schist; at Banka it is greatly disturbed and seems to be cut out suddenly by7 a mass 
of potstone. 

At Raoia and Bagh-ghura the rock is sandy schist and quartzite, hut mica-, chlorite- 
and talc-schist are not absent. It was here that disthene-rock was found. The ore is in a 
silieious schist and occasionally in mica- (black mica), actinolite- and chlorite-schist. 

At Sukurna, near Sideshor, the ore is in silicious schist, associated with mica-, chlorite- 
and quartz-schist. Sideshor appears to he the production ol’ a penetrating north-south upheaval; 
and in its quartzites traces of the ore arc found, as malachite,—a proof that many beds of 
the metamorphic series are cupriferous. At Bindrabun immediately under the ore is a 
massive rock composed of quartz and tourmaline with a little mica,—a granite formation, 
except that felspar is wanting; one might almost call it greisen. A run of jasper occurs 
close by, in the formation of which, as well as in the elevating of Sideshor, this peculiar 
rock may have taken part. Malachite traces are found in it too. 

At Path nr dungri the rook is quartz-schist; hut on the south-west of the hill ore occurs 
in mica-, chlorite-and hornblende-schist. 

At Surd# the ore is in dark mica-schist containing garnet, chlorotoid, and hornblende 
crystals. Near Pathurgliora the ore is in more or less metamorphic schist; near the village 
red felspar is associated, and the rock becomes granitoid. 

The distribution of the ore in the lode follows no certain order; unless one is to con¬ 
sider as such its constant association with quartz, which is always the preponderating gangue. 
Prom the agreement of the dip and strike of the deposit with that of rocks, one would con¬ 
sider it as a stratified ore, were there not much against such a supposition. I do not hero 
allude to the cuirasses and quartz druses, hut especially to the variable strength of the 
deposit itself, and the interruption and separations of the outcrops; which then again follow 
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the strata and lie in many patches close to each other. The normal thickness may he about 
20 inches; in rich spots it reaches 3 feet; while elsewhere it intermits, the deposit is com¬ 
pressed and decreased with only scattered ore, till this also disappears and the deposit can 
no longer be traced. AH this suggests to me separate lodes, i. e., an impregnation of cracks 
parallel to the rocks, and probably formed at the time of their elevation. 

11. Peeuliar carbonaceous mineral.—I conclude this short description of the deposit 
with a notice of a mincralogical peculiarity occurring in it. At Jamjura the lode was sought 
for beneath the thick soil of the plains, and found with good ore. In this newly opened work 
a fault was struck, in the neighbourhood of which the veinstone seemed quite altered, the 
quartzose mass had become almost porous, the quartz had lost its lustre, and had become 
almost friable. In this rock and in the ore itself there occurred as rarities in, as it seemed, 
octahedral or vhombohedral cavities, loose pieces of a peculiar coal-like substance. It was 
found at 37 feet below the surface, or at 100 feet along the slope of the deposit, at 30°. 1 
had early sent from India some specimens to Bergrath Breithaupt at Freiberg, who has 
described this strange mineral in the Mining and Metallurgical Journal for 3rd January 1859, 
from which I here give an abstract of the principal characters:—black; semi-metallic lustre 
on fresh fracture; black streak; opaque; blunt pieces of size of an egg and under; inter¬ 
nally crystalline, very fine grained; sp., gr. 1-92; hardness 4-25 to 4-75, between calc and 
fluorspar; brittle; very difficult to burn before the blowpipe. Composition, mean of Sheerer 
and Ruhe:— 

Carbon ... ... ... ... ... ... 93945 
Water ... ... ... ... ... ... 1‘440 
Arid ... ... ... ... ... 2*895 
Ash ... ... ... ... ... ... 1720 

100* 

It is considered by Breithaupt as a middle condition between anthracite and graphite. 

Breithaupt thinks that the tabular impressions on the carbon may be due to ealespar— 
that in the druses ealespar crystals were produced. This is surely an error’, for I never saw 
such crystals; on the contrary, the coaly matter is loose in cavities lined with lamellar quartz, 
which is often imposed upon it. The hardness given by Breithaupt is not correct for all 
the specimens; many are easily scratched by ealespar. I would mention that T possessed 
a piece of veinstone which together with this mineral contained undoubted flakes of graphite, 
as also two different fonus of the mineral close together. 

Professor Kenngott and Esoher de la Lintlr have more closely examined this substance ; 
on the same veinstone were found white particles of a silicious substance with a deep black 
nucleus, the white exterior being the result of decomposition; lienee Professor Kenngott 
takes this substance to he the remains of the decomposition of a highly carbonaceous sili- 
eious mineral, whereby the silica, was removed, leaving the carbon. 

12. Mining experiments.—In order to exhibit the special conditions of the deposit I will 
now describe the most important mining experiments. Special mining experiments could not be 
attempted over the whole area within little more than three years’ time : they were limited to 
between Jamjura and Rangi. Lamlu was the centre; there were extensive old’ works there, ami 
the flat ground offered an untouched field for exploration. The diggings that gave the best 
opening were No. I, near Lamlu, in the north lode. At 7\ running ftitlionis wo got to the end 
of the old workings, where the width, originally considerable, was reduced to 15 inches. There 
was great trouble in getting the men to continue the work ; and when, among a lot of jackal 
bones, a piece oi a human skull was found, all green with copper, great terror spread, and 
only the most pressing representations, that tin- skull must have been brought there by some 
beast of prey arid did not belong to a man who had perished on the spot, could induce the 
men to carry on the work. The layer was only 15 inches from roof to floor, almost filled 
with rotten slate and quartz iraguients, rich iu iron, but almost without copper, only here 
and there a sprinkle of malachite incrustation. The ancients had evidently abstracted'a,11 the 
good ore till they came to this barren run. After a little the malachite increased, enveloping 
the quartz, and so ramifying through the still broken schist that it yielded from 1 8 to 4 5 
per cent, of copper. The roof and Hour were of chlorite-schist, quite "devoid of copper save 
by infiltration iu the little cracks. At 12'7 running fathoms strings of malachite occurred one- 
half of an inch thick; and the lode was 2 feet wide. From here i i i neivased; and at 151 fathoms 
an easterly drift was started that soon disclosed the most splendid ore; first malachite, th.-u 
this passing into red-copper, and this again into glance-copper This ore finally filled the 
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whole vein, 3 feet thick, enclosing angular pieces of quartz; and also occurred in large 
elliptical nodules several feet in diameter lying in a gangue of silicious slate, in such 
numbers that a fine roof-face could be worked ; at 25 fathoms alongthe drift, the lode split, one 
branch going southwards soon became barren, while the northern one yielded fine ore. In a 
northern trial-drift from here another vein was cut more or less rich in ore, and still further 
eastward three others. Down from this drift a small hading shaft was sunk; and. here, 
at 28| fathoms the ore began to decrease, and died out altogether. So far the underlie was 
35° , In-re it rose to 60° or 70° ; the thickness of the lode decreasing to a few inches ; below 
this trouble it became flatter again and traces of ore re-appeared, till at 32 fathoms this too 
disappeared with a now trouble. It was in this state of affairs that, the hand pumps could no 
longer keep under the water of the rainy season, and the progress discontinued at 12 fathoms 
vertical from the level of the valley. 

Pour miles to the west, at Jamjura, under the alluvium of the plain, a very rich ore was 
cut, occurring in a very similar manner to that at Landu. At 18 fathoms the ore was still 
good. In a westerly 'direction it was less rich, hut continued to eastward. In a trouble of 
this vein the carbonaceous mineral was found; not only in quartz, but in solid malachite. 
Here, too, was found the native copper, reduced from malachite by the action ot this carbon. 

A third important locality was No. 6 of Landu, in the south lode; chlorite-schist and 
sandy mica-schist contain grains and nodules of quartz, often coated with talc; these are 
sometimes several feet in diameter. In and around these generally flattened lumps, partly 
following the layers of the schist, partly, too, itself forming kernels, or surrounding fragments 
of quartz, comes the ore in threads, from the thickness of a knife to several inches, thus 
uninterruptedly arranged in nuts and lumps, and in this manner forming the lode, 18 to 21 
inches wide. These conditions obtained to 1(1 running fathoms, then the ore ceased, and at 
my departure the work was in barren rock. In the upper part the ore was all malachite, hut 
in' the hard undeeomposed masses there was a mixture of red and black copper with glance- 
copper. The ore was besides always very rich in iron. At about 80 fathoms to the east, in a 
small trial pit, the lode was almost entirely made up of coarsely granular crystalline 
magnetic iron. 

At Hitlcu in the northern, and Matku in the southern, lode there occurred quartzose, 
porphyry-like gangue; and the ore predominated as nodules of oxides, with glance-copper. 
In neither place was it worth working, appearing to cease in depth. 

At Banka a clear-ringing, columnar, fissured quartzite is penetrated in every direction 
by thin strings of ore, black, with glance-copper. Sometimes if is scattered through the quart¬ 
zite, giving it. a porphyritic aspect; the quartz being then altered, dull, fragile as if burnt. 
Low down there appeared an agglomeration of quartzose talc-schist and nearly massive talc, 
where the lode stopped out suddenly. 

According to the results at Landu, the cubic fathom of 96 to 150 ewts. of raw ore gave 
an average of (i per cent, of copper; and the cost of extraction of the same, including 
haulage, amounted to Its. 22 to 23 per 100 cwts. of raw ore. 

The preparation by hand-picking must he regulated according to the proportion of 
saline ores; here the average of 100 cwts. of raw ore was— 

3 ewts. of rich picked ore of ... ... ... 20 to 35 per cent, copper. 
60 .. average ore of ... ... ... ... 8 „ ft „ „ 
13 „ duel ore cl’ ... ... ... ... 0 „ 5 „ „ 
21 ,, rabble and poor ore of . .. ... ... J„ li „ „ 

All the poor ore was considered as rubble for crushing. In the best rubble there occurred 
but 8 to 10 per cent., very seldom 20 per cent. 

13. Labour.—Most of the coolies were Dhangha Kols. On the whole, they proved them¬ 
selves very intelligent aud skillful ; 011 an average more so than our European workmen ; only 
they are weaker; hut, whether mentally or bodily, they are very slothful, so that they require 
constant watching. The daily wage of a workman is 1, to (5 pice ; with which they receive the 
powder and tools supplied ; yet job-work was only undertaken by experienced workmen. The 
,ranff at one face could not amount to less than four to six men. 11 was impossible to get the 
people, to work uninterruptedly, so that a face H fathoms high thus worked only advanced 
0-8 of a fathom monthly. 

11. Prospects.—Since 1862 great endeavours have been made in London to get up a 
limited company with .-£120,000 capita1 to work the Singhbhum mines. The original company 
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had dissolved about 1859; its history was this : after Captain Haughton in 1854, in the 
Journal, As. Society, Bengal, had first called attention to the mineral treasures of the 
district, two Calcutta merchants resolved to start mines, and I went to Bengal by their 
instructions to make investigations and to establish the mining. When it was certified 
that at many places fine ore occurred a company was framed in 1857, having at its head 
the two original firms; and everything was then started on a very great scale. Mining 
commenced at Landn and Jamjnra, anil fine raw ore was turned out at the rate of 
1,200 to 1,300 cwts. monthly. Other works were at that time not yet opened and in order; 
still already the erection of a foundry with steam engine at a, great cost was insisted 
on: and consequently, after my departure, what was expected befell: there was not 
yet enough ore there for the supply of a large foundry; the company dissolved in 1859; 
and the stores, building, and machinery fell to a transferee at an insignificant piice. So 
very costly a management had only accelerated the dissolution of the company. In India 
every administration is costly : hero it was the ease in a remarkable degree, as this single 
circumstance fully proves—Rs. 9,200 had to he paid yearly to the two rajahs of Ghatsilla 
and Seraikela, in whose land the works were situated, for the right of mining and smelting. 

As above stated, since 18(32 great exertion has been made to form a grand new company; 
and in the prospectus mention is made of my name with reference to my report to the 
former company, so I do not hesitate to declare that without further information than 
that already known and established—so long as nothing positive is settled regarding the con¬ 
tinuation of the ore in depth—the formation of a company with a capital of £1,20,000 Ls un¬ 
warrantable. Ore, and very fine ore, is undoubtedly to he got; and the works already under¬ 
taken might be carried on to advantage in spite of the deficient communications, if with 
moderate expectations an economical enterprise be undertaken, hut for this so colossal a 
company is not suited. If the works are to he again established, mining experiments should 
be extended before everything, and according to the results thus obtained such a company 
might be formed or not. No one could expect an exhaustive judgment from the works 
already accomplished, and considering the time spent upon them, the first surface labor 
took place in the end of 1855, and already in 1859 all was discontinued. 

15. Ancient mines.—Almost wherever the deposit comes to-day and is not concealed 
beneath the alluvium one finds old buildings and refuse heaps, where there was formerly a 
mine. In spite of the rudeness of the mode of extraction the work must be admitted to 
have been sagaciously conducted. The ancients never went deep ; sometimes hindered by 
the water which everywhere is reached below the level of the valleys, sometimes by the 
fear of working under ground. The use of powder in blasting must have been unknown 
to the people of that time, for I everywhere found in the old works, where open, single 
pillars undisturbed, very rich in ore, hut in such hard rook as only to be won by blasting. 
The ancients seem to have smelted the ore in little furnaces on the spot, for one finds 
remains of walls, heaps of slag, and even copper bloom in many places. It is impossible to 
determine the age of the old workings; the heaps and fallen-in pits are mostly overgrown 
by thick jungle and covered by old trees ; only here and there one finds large openings in 
the rock, at present the refuge of crowds of bats, whose dung covers the floor more than a 
foot deep; the cavity itself being converted into a beautiful green hall by a thick crust of 
malachite. If one asks the inhabitants when such work was in progress, they do not know; 
and they speak of 100 years with the vague ideas of Asiatics about time, representing thereby 
an arbitrarily long period. It seems to me, however, certain that the present half-wild 
inhabitants are not in a condition to carry out such works : and these may be the relics of 
an ancient civilization, like the rock-temples of the neighbouring Orissa, like the fruit 
trees (mango and tamarind) that one often finds as very old trees in the middle of the thickest 
forest ; as again the remains of the great town Dulmi, which once stood in the thick woods 
of the Subanrika. Only one story has reached me of the ancient mines. Where 
from the lofty Sideshor, the ridges of Bimlrabun, Uuamgurh, and Malmdeo descend into 
the valleys as spurs, one finds on Bindrubun extensive old diggings and pits, and on 
Ruamgurh slag-heaps and remains of brick walls. There, at Ruamgurh, a rajah of the 
name of Ruam must have lived and have made the diggings and houses. In the story this 
rajah is reported to have had two tongues,* so I must consider him as a person who spoke two 
languages, in Jaet a foreigner. The period may have been the 11th century, when the 
Kingdom of Orissa flourished. 

For another explanation of the two tongues, see a paper by Mr. Bull, Proe. As. Soc., Bengal, June 1869, 
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2,—Ok the Copper of Dhalbhum and Singhuhum, by V. Bali, B. A., Geological 

Survey of India. 

The district of Singhbhum, first, brought to the notice of the British in the year 1820, 
when the internal disturbances rendered interference necessary, was not placed permanently 
under British officers until 1836. In the interval that elapsed between these two periods, 
the discovery of copper and ancient native copper mines appears to have been made. 

The first published intimation of the existence of copper in Dhalbhum was given in 1833 
in a paper by a Mr. Jones* who was engaged in making researches regarding the coal of 
Bengal. He writes—" I have reason to suppose copper may be found in Dhalbhum near Bag- 
waha (Rajdoha) in a stream called Gura Nadi that empties itself into the Subanrika.” Whether 
this supposition, which subsequent investigation has proved to have been well founded, was 
based on information received from natives or from personal observation we are not informed. 

In the year 1854, the existence of extensive copper deposits which had been much 
worked by the ancients in the above-named districts was forcibly impressed upon public notice 
by Captain now Colonel J. C. I laugh ton, Assistant to the Governor General’s Agent in the 
South-West Frontier.f 

In the same year the mines were visited by II. Ricketts, Esq., c. s., who proposed to 
Government that “ a small sum be expended in working for a short period in order thoroughly 
“ to test the produce and to show the people of the country how to turn the veins to the 
“best advantage.” 

M. Studir in the paper printed herewith details the circumstances under which he came 
out to this country and the steps which led to the formation of the first Singhbhum Copper 
Company. Since his return to Europe, this company ceased operations in 1859; and a second, 
formed on the ruins of its predecessor, lasted only from 1862 to 1861, when it also was 
dissolved. 

In 1857, M. Durrschmidt published a report (with a map) on the “copper mines of 
Singhbhum.” All the important part of the information is derived from Colonel Haughton 
and M. Stahr. Some of the minor details would he of interest only to persons purposing 
to re-open the works. Speaking generally, this report takes a ranch more favourable view 
of this prospects of mining than was justified by the facts available at the time. 

In the prospectus of the second or Hindostan (Singhbhum) Copper Company, a number 
of analyses and opinions regarding the quality of the ore by various assayers and others are 
quoted. These or rather a portion of them will be found incorporated in the following pages. 

The fact of the copper ores having been worked by the ancients has been above alluded to. 
It is probable that the greater number of old excavations enumerated in the table on p. 100 
are of considerable antiquity. ElscwhereJ 1 have discussed the reasons which have led me 
to the conclusion that the ancient workers were an early Aryan race called Sarahs. 

Within recent years a rude kind of working has been undertaken by the local rajahs 
and 'zemindars. But in consequence of poverty of the ore, Hooding of the mines, want 
of labor (the pay perhaps being neither liberal enough nor regularly bestowed), or finally, as 
has sometimes been the case, sudden discovery on the part of the rajahs that their dignity 
was being compromised by the work, all such operations have been discontinued. 

Geology.—In order to render the following account intelligible, it will he necessary to 
give a brief sketch of the geology of the district in anticipation of the full account of it, 
which will be published when the examination of the whole area shall have been completed. 

The rocks of Singhbhum, so far as they have been examined, are referable to two 
formations. The metamorpliie, consisting of granitic and foliated gneiss, schists, &c., and 
the snb-metamorphic, consisting of slates, quartzites and schists, which latter are sometimes 
not lithologically distinguishable from those belonging to the metamorpliie. 

In Manbhum, exclusive of the coal-fields, something less than four-fifths of the area is 
occupied by metamorpliie rocks. In the remaining fifth at the south of the district the 

* Asiatic Researches, vol 18, p. 170, 1888. 

t J. A. S. B., XXIII, p. 103, 1854. 

t Proo„ A. S, B„ June 1869, p. 170, 
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sub-metamorphic rocks are let-in by an east and west fault; thence southwards they pass 
into the district ot Singlibhum, where they eloke round irregular areas of metamorphic 
rocks. The principal oi these areas lies east ot tho station of Chaibassa. The rocks seen 
aie coarse granitic and porphyritic boss-forming gneisses which are traversed by a perfect 
network of trap (diorite) dykes.. This combination produces a very peculiar effect which, as 
seen from the top of a high hill, has been aptly compared to a chessboard. The walls 
formed oi trap dykes constitute substantial boundaries between adjoining properties. North 
and north-west of Chaibassa there is another area of the same metamorphic rocks which 
is, however, free from trap or nearly so. A third small area exists near Khursowa, regarding 
which something will be said again further on. The appearance of the sub-metamorphic 
area is very different from that just described ; it is characterised by being traversed by long 
ranges of lulls with deep intervening valleys which correspond to the position of the 
softer varieties of rock of which the formation is composed. 

The copper ores to which this account refers occur for the most part in a zone of schists 
whose geological position is situated near the base of the sub-metamorphic rocks. These 
schists form the northern flank of a broken spur of hills which leaving the Chota Nagpur 
plateau strikes eastwards for a distance of 40 miles through the estates of the rajahs of 
Khursowa, Seraikela, and Dhalbfium, then bending round gradually to south-east and ulti¬ 
mately to south, it disappears uiidt-r the alluvium of Midnapur. 

The principal ranges composing this spur are of quartzite, upon which incrustations of 
the copper salts are occasionally found ; but the ore which has been worked is, with a few 
exceptions to be noted hereafter, associated only with schists. 

Measured along the strike, these copper-hearing rocks extend for a distance little short 
ot 80 miles. Copper ores have not been discovered west of Lopso; hut there is no geological 
*®ason, w%, tl:|ey should not be found for many miles further in that direction in the Chota 
Nagpur highlands. 

In the tables appended an abstract is given of the principal facts which have been 
observed at the various localities in which the copper has been found. And in the accom- 
panymg map all these localities are indicated. M. Stoehr’s paper contains all the available 
reliable information regarding the working of the mines. 

The .determination of the question as to the manner in which the copper occurs, 
whether in lodes or as a deposit, is one of no less difficulty than it is of importance. M. 
Stcehr holds the opinion that, it occurs in lodes, though admitting that much may be said in 
iavor of the_ opposite view. He describes the variable strength of the deposit itself and 
the interruption and separation ot the outcrops which in some places are close to each other. 

• Carrying out this view, he distributes the localities where ore occurs along two lodes which 
he calls the north and south. He alludes to the fact of tho existence of particular beds of 
rock m the vicinity of the copper showing signs of excessive metamorphism which he 
considers to be due to local action; but he does not mention that the copper, if followed along 
itshneol strike, is found to penetrate into areas occupied by rocks which are undistiu- 
guishable m them lithological characters from the most crystalline rocks occurring in the 
older senes. Of course it may he that these, like the single beds above mentioned, have been 
affected by local metamorphism, possibly caused by the intrusion of granite, hut the granite 
which occurs is not distinguishable from that which is often found in Bengal to alternate with 
well foliated rocks, and is therefore believed to he of metamorphic origin. Thus this 
circumstance, which might otherwise be used as a crucial test of the validity of the lode 
hypothesis, is itself so uncertain and fraught with doubt that it is a rather dangerous 
description ol evidence to make use of in such a discussion. 

In support of the view that the copper partakes of the nature of a mechanical or chemi¬ 
cal deposit m the beds, there is the tact that the underlie of the ore as seen at the surface 
nearly always appears to correspond with the dip of the schists, and that sometimes the 
schists appear to be permeated throughout with the ore. Adopting this view for the moment 
the following supposition would appear to afford a possible explanation of most of the 
phenomena with regard to the ore, which have as yet been observed. With the original 
materials oi the sandstones and mudstone shales, which subsequently become metamorphosed 
into schists, the ore may have been either chemically or mechanically deposited At some 
period the crushing and tilling up of the rocks, of which there is abundant evidence 
produced cracks and possibly openings between adjacent beds, towards which a s,.ere-mHon 
oi the copper particles which until that time were equally disseminated throughout the”muss 
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of the schists may have taken place and continued until they became tilled with ore and so 
given rise to the appearances which have been regarded as indicating the existence of lodes. 
If this view be correct then the highly metamorphosed rocks which occur in the otherwise 
uninterrupted strike of schists at Akarsuni and Kumerara must be derived from the schists 
by excessive local metamorphism. But if, on the other hand, these rocks belong to the 
older metiimorphies which they certainly at first sight appear to do, then the lode hypothesis 
must be admitted to be true. 

Reviewing the evidence on both sides, the legitimate conclusion to be drawn would seem 
to be that the copper of Singhbkum in all probability occurs both in lodes and as a 
deposit disseminated throughout the materials which compose the schists. Similar cases 
of double conditions of occurrence are not unknown in other countries, as will be alluded 
to again further on. 

Okes. 

The ores of the upper part, or, as it is technically called the ‘ back’ of the deposit, have 
all been converted into carbonates and oxides. 

In assays made upon eight different qualities of ore by M. R. Schenck, and quoted 
in the Hindostan Copper Company’s prospectus, the contained copper varies between 35 03 per 
cent, and 1'46 per cent. Three analyses by Messrs. Phillips and Darlington of specimens 
of carbonates gave the following results :— 

No. 1.—Copper 31*5 per cent. Silver 2oz. Sdwts. 17grs. per ton of ore. 
No. 2— „ 6*26 „ „ 1 M 2 „ 20 „ 
No. 3.— „ 6’0 „ „ 0 „ 19 „ 14 „ „ „ 

Three other specimens were examined hy Messrs. Howard and Dollmau and gave the 
following results:— 

No. 1.—18*8 per cent, of copper. 
No. 2.—21'8 ,, „ 
No. 3—24*0 „ „ 

Three specimens brought by me from Jamjura yielded according to Mr. Tween’s 
analysis— 

No. 1.—Jamjura ore, copper = 52*o per cent. 
No. 2.— „ „ = 44*5 „ 
No. 3.—Dugni „ = 36*5 „ 

Nos. 1 and 2 were picked specimens, but No. 3 was the ordinary ore to be found 
at Dugni. 

Messrs. Henry Bath & Sons, to whom some of the ores, smelted to a regulus, were sent 
in 1854, reported as follows :—“ Our assayer has carefully tested the samples thou sent us ; 
they contain about 50 per cent, of iron which makes them very difficult to smelt, and 
is also very prejudicial to their sale ; we thiuk, however, that the prices affixed to them may 
be obtained.” 

We are thy sincere friends, 

IIenky Bath & Sons.* 

Mining Office, Swansea, 8mo., 19, 1854. 

No. 1.—Copper, 42 per cent. £37 per 21 cwt. 
No. 2— „ 41 » 35-15 
No. 3.— „ 39 „ 34-2 
No, 4.— „ 36 „ 31 

The assays above quoted were of the carbonates or of grey-copper. 

Copper pyrites occurs in the schists at Rajdoha; it was first found there by the second 
company; fragments of rock permeated with it are still to be found in tbe debris. It seems 
to have been little affected by the weather. 

* Proceedings Asiatic Society of Bengal, XXIV, 1855, p. 706. 

Notb.—Of the minerals occurring in the schists, the following arc the principal which have been met with : 
Garnet, Schorl, Kvanitu, Chlorite, Tremolite, and Aetiuolite. In the hill Dari, which is formed of potstone under¬ 
lying the schists, a peculiar indurated talc occurs in veins. The potstones arc extensively quarried, and 
supply a plate factory in the neighbouring village. At Jamjura M. Stcehr discovered an interesting carbonaceous 
mineral, of which I also obtained specimens in the refuse heaps when 1 visited that locality; it is described 
in the Mining and Metallurgical Journal for 3rd June 1859. 
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Some of the manufactured copper was thus reported on at the Calcutta Mint:— 

“ Three slabs weighing about 139 lbs.; these were subjected to lamination and proved 
to be suited in all respects for purposes of coinage. The quality of this metal is excellent, 
being scarcely inferior to the best, equal to the average and decidedly superior to several ship¬ 
ments of imported copper.” 

(Sd.) B. Baied Smith, 

Mint Master. 

As it is almost impossible at the present day, without excavating in the mines to a 
considerable depth, to obtain more than a few specimens of the carbonates or oxides of 
copper which lie near the surface or incrust the walls of the galleries, it is most fortunate 
that we are able to avail ourselves of M. State's researches and opinions. His presence 
during the mining operations and subsequent examination of the ores in Europe have 
afforded him the most favorable opportunities for ascertaining the precise nature of the 
ores obtainable in the deep mines. 

It may be taken as a fact fully established by the analyses quoted above, that exceed¬ 
ing^' rich ores of copper do occur in Singhbhum. Before proceeding to the discussion of 
the practical question in reference to the possibility of working the ore with profit, it is 
necessary to allude to the— 

Metals in association with the Coppeb. 

It is a matter of the greatest importance to ascertain the proportion of other metals 
which ordinarily occur associated with the copper. Supposing the ore even not to contain a 
sufficient quantity of copper to make it pay to extract it alone, it might still, if it included 
precious metals, be worked with profit. Such is the caso with the argentiferous ore or 
Fahlerz from Eisleben in Prussian Saxony. 

In the assays of three specimens of ore by Messrs. Phillips and Darlington quoted above, 
the ounces of 'silver per ton of oro vary between 1 and 2j. M. State found traces, 
but only traces, of gold and silver; while Mr. Tween did not obtain even a trace in some 
ores and smelted copper which I brought from Jamjura. 

Small quantities of Bismuth were found in some of the ores. 

Having in the previous pages pointed out the two-fold manner in which the copper 
ores occur—both in lodes and in beds—and their quality, the discussion of the practical 
question whether the ores are such as can be worked with profit in this country may now 
he entered upon. The facts and collateral circumstances which must influence a decision 
may be grouped under the following heads :— 

I. Character of the ores and their mode of occurrence. 

II. Experience of previous miners, ancient and modern. 

III. Local circumstances.—Position of mines; Means of communication and distance 
of marts; Supplies of labor, fuel and lime; Proprietory; Climate. 

IV. Comparison with other countries where ores of similar character and occurring 
in a similar manner have been worked. 

I. Although rich ores exist, their mode of occurrence is so capricious and uncertain 
that working them must necessarily involve an enormous expenditure. 

Ores of very much inferior quality if they occurred with a continuous unbroken lead 
which could steadily be followed up by the miners might, even under various unfavorable 
conditions existing in Singhbteim, be worked with profit. 

M. State distinctly speaks of good ore having been found at many points, but in nearly 
all cases an unusual richness of the deposit proved to ho purely local and confined to nests 
which were speedily worked out, and unremunerative copper-permeated schist met with 
further down. 

II. Many of the ancient mines have been so thoroughly worked out that it is often 
impossible to find more than mere particles of carbonate incrustations. 
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It may be argued with an apparent amount of plausibility that the ancient mines, their 
number and extent, indicate a prosperous condition of the industry at some former period. 
We do not, however, know under what circumstances they were worked. In the early 
times to which they seem chiefly to belong, copper may have possessed a value relative to 
the precious metals much higher than it does at present. ' And, again, although it may have 
paid parties of natives to work with their simple furnaces which could without loss be 
relinquished when the supply of ore failed and others be erected in a new locality, we 
cannot feel assured that it would prove proportionally profitable to a European Company, 
whose chief prospect of success would depend on the possibility of applying machinery 
for the extraction and reduction of the ore continuously in one place. 

With regard to the experience gained by the companies, beyond M. Stcehr’s and 
M. Durrsehmidt’s papers, there seems to be now no accessible information. Without being 
able to refer to the records of either of the companies, it is impossible to form any estimate 
of what their working expenses amounted to. 

Copper was manufactured during the time of the second company and forwarded to 
Calcutta, but what proportion its price in the market bore to the cost of its production 
I have been unable to ascertain. 

M. Stoehr’s opinions on the first company and on the proposition to form a second are 
printed herewith. He concludes that notwithstanding the disadvantages, some of the old 
mines might be worked profitably, but for that purpose so colossal a company* was not 
suited. But moderate expectations, such as M. Stflehr speaks of, axe not generally sufficient 
to attract speculators and capitalists ; and a really economical enterprise such as might easily 
be carried out on the continent of Europe is scarcely practicable here. 

III.—Local circumstances.—Position of Mines. On all sides the range in which the 
copper ores occur is Surrounded by broken hilly country, which is drained by a number of 
rivers of sufficient dimensions to seriously impede traffic during the rainy season. 

The only made road in the vicinity of the mines is the one between Cliaibassa and 
Midnapur. It is unprovided with bridges: the portion of it in Singhbhum and Dhalbhum 
alone is (May 1869) in fair condition. 

In reference to the roads, Colonel Haughton, who was anxious to represent the pros¬ 
pects of a mining enterprise in the most favorable light possible, wrote“ From the dig- 
“ gings at Kumeraraf there is a good road only 85 miles in length to Tumlook. The distance 
“from Landn or Jamjura to the Cossye river at Dhee Kullianpur is about 70 miles; and that 
“ river might, it seems probable,_be available for water carriage during short periods in the 
“rains, as the Damuda is at points far above those where it is ordinarily navigable. There 
“ is every facility for the construction of a good road to Dhee Kullianpur or to Midnapur, 
“and in fact there was formerly a Government route in nearly the same direction. * * * 
“ The distance from Tumlook md Midnapur would be about 132 miles.” The copper which 
was made in 1862-64 was not despatched by either of these routes but vid Purnlia to Raniganj, 
the distance of which place from Landu being 130 miles, and the roads little better than 
cart tracks. 

Should the proposed direct line of railway vid Midnapur to Bombay be opened up, the 
copper mines will probably be rendered much more accessible than they arc at present. 

Labour.—Coolies can be obtained in abundance. The Chuta Nagpur Bhangas were 
found to be the best workmen. 

Fuel.—The supply of wood to be obtained in the immediate neighbourhood is limited, and 
a few years would exhaust the timber on the bills composed of the copper-bearing rocks. There 
is, however, a considerable amount of heavy timber on the rises to the Chota Nagpur plateau. 

The discovery of coal at Midnapur is a fact which may prove favorable to the pros¬ 
pects of working the copper with profit. 

Lime.—The only lime which was used for fluxing the ore was manufactured from 
‘kunkur.’ No hope of any more regular or economical source can ho held out at present. 
Some calcareous schists do, indeed, exist near Cliaibassa, but in them the quantity of other 
minerals mixed up with the carbonate of liine is so great as to make it doubtful whether 
they could be successfully burnt for lime. 

* Thu capital of the Cml or Hindostau Copper Company wan e i co/jni) in J l,uuu shares, 
t The most eastern locality. 
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Proprietory.—Singhbhum proper belongs to several members of tbe Porakat family, 
of whom the principal are the Koer of Seraikela and the Tkakur of Khursowa; they both 
give service to Government as Magistrates, but pay no tribute whatever for their estates. 
The Dugni Baboo in whose lands copper also occurs is a cadet of the same family. 

In the estate of the Rajah of Dhalbhum, the remainder of the copper localities, inclu¬ 
ding those at Landu and Rajdoha, are situated. 

The first company, confident in the productiveness of the mines, agreed according to 
M. Stffikr to pay the Rajahs of Seraikela and Dhalbhum Rs. 9,200 for the right to mine. In 
the prospectus of the second company the annual rent is stated to be Rs. 4,500. A con¬ 
siderable portion of this rent for the years while operations were being carried on is still due. 
Acting on a decree of tbe Singhbhum Deputy Commissioner, the Itnjah of Dhalbbtim has 
seized the bouses and engine of tbe company at Rajdoha; but the former have already fallen 
to pieces, and the latter uncared for and neglected will soon become worthless. 

Climate.—Tbe climate of Singhbhum is decidedly unhealthy; this point is one of no 
small importance where a number of Europeans might have to he employed. I have been 
informed that tbe employes of the two copper companies suffered much from fever. My own 
experience is, that natives of India, especially men from tbe north-west, suffer excessively 
from fever in Singhbhum; of course both Europeans and natives might, to a certain extent, 
become acclimatized, as has happened in other parts of India. 

IV.—Examples are not wanting in other parts of the world where ores of similar 
character and mode of occurrence to those of Singhbhum have been worked, with which a 
brief comparison may be usefully instituted. 

Copper Mines of JEisleben.—At Eisleben in Mansfeld, Prussian Saxony, tbe ore of 
copper extracted permeates a schist (Ivupferschiefer) which can be worked with as much 
regularity as a coal seam.* Notwithstanding the perfection of the machinery and the 
comparative ease with which tbe ore is extracted, it is a fact that the copper is manufactured 
at a loss. “ Every ton of refined copper as it leaves the works has actually cost more than an 
equal weight of metal could be purchased for on tbe spot from tbe merchant.” 

The profits of these great and unique mines (which more or less directly support 60,009 
people) are nearly all derived from the small proportion of silver which occurs in the ores and 
is extracted during the process at but little additional cost. The magnitude of the operations 
and the immense quantities of the copper ore which are smelted alone enable the work to 
be carried on with profit. 

In the copper ores of Singhbhum silver does sometimes occur as is shown by the assay's 
on page 96. But tlio amount is so small that it is extremely doubtful whether it could he 
extracted with profit. 

It has been stated that for the most part the underlie of the ores in Singhbhum corres¬ 
ponds with the dip of the schists ; but it can scarcely be said of them, owing to their steep 
inclination and irregular lateral extension, that they could he ‘ worked like a coal seam.’ 

South-West of Ireland.—Iu the south and south-west of Ireland copper ores occur 
disseminated throughout a zone of Devonian sandstones; for a long time it was doubted 
whether true metalliferous lodes existed, all the copper being supposed to occur “ as a mecha¬ 
nical deposit derived from the waste and destruction of some original mineral vein district.”! 
Recent deep mining operations which have been carried on with success have proved the 
existence of true lodes.J Thus there would appear to be a double mode of occurrence of the 
ore there, similar to that which has been supposed to be the case in Singhbhum. 

In the preceding pages the object sought after has been to give a simple statement of 
facts, from which those who may he interested will doubtless draw their own conclusions. 

In mining operations such as would be necessary iu Singhbhtim so much depends upon 
the regularity with which the ore occurs that no one could with any confidence venture to 
predict the result of excavation on a large scale. 

Courageous enterprise guided by the best professional skill in mining has both its trium¬ 
phant successes and its heavy losses and disappointments: until underground exploration has 
extended much• further in Singhbhum, it will he uncertain which fate awaits those who 
may at any future time venture upon copper mining in that district. 

* These mines are fully described in a paper by Mr. Jervis, Jour. Soi\, Arts, vol. IX, 1860-01. 
t Memoirs of Geological Survey of Great Britain and Ireland, explanations to sheets 200, 203, and pp. 278. 
\ Geological Magazine, vol. VII, No. 5, p. 211. 
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COPPER ORES 

CO ! 

o 

.2 No. Localities East to West. 
Number of 

Mines. 
Nature of Mines. 

Dip 
or Underlie. 

o 

< 
1 Madhopur, 3 miles north of Kume- 2 Outcrop excavations ... 

rara. 

2 Hills, W. of Asunbuni Numerous Ditto 40° E. N. E. 

3 Hills, S. E. of Badia . 

4 Badia Very numerous ... Ditto and shafts 40^ to E. 25° N. 

5 Mosabuni Numerous Outcrop excavations ... Ditto 

6 Surda 12 Ditto ? 

7 Hills, VV. & W. N. W. of Surda ... Numerous Quarries, shafts, inclines 40° 

s 8 Hills, W. of Teringa & Kcndadih ... Ditto Outcrop excavations & 
inclines. 

30°-35c E. N. E. 

rO 
d 9 Sideshur Hill, S. of Ruam... 3 or 4 Ditto & shafts 35° N. E. 

Q ^ 

o 
Xi 
cS 

10 Mahadeo Hill 

K 11 Baghghura Several Inclines 

12 Hills, S. & S. W. of Matigara (=Raga 
of Dr. Stcehr). 

Numerous Ditto & shafts N. E. 

13 Rangamatti Hill, S. E. corner, N. of 
Banjo. 

1 Shaft . . 

14 Rajdoha a 1 Incline and adit 

Ditto b 1 Incline 25° N. N. E. 

Ditto c 1 Shaft Ditto 

Ditto d 1 Incline Ditto 

15 Matku ... 1 Shaft 

16 Hurtopa... 1 Ditto 

17 Hitku 1 Ditto 

< 18 Landu Barut-ghur Hill ... Numerous Shafts, inclines, adit, 
trench. 

35°—, 55° to 10° E. 
of N. 
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OP SINGHBHUM. 
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No. Ore. Rock. Remarks. 

1 Traces of carbonate : a spe- Quartz and black mica-schist, 
strike 10° E. of N., granite 

These mines are full of water, to remove which 
cimen yielded according and renew excavation would be necessary 
to Col. Haughton 24f p. c. close by. before the condition of the ore could be 
of copper. ascertained. 

2 No traces of ore in situ ... Black and grey mica-schists ... Slag close by, indicating that ore was once found. 

3 This locality is given by M. Stcehr. 

4 Traces of carbonates abun- Grey and black mica-schists, The relative positions of the Badia excavations 
dant. strike 25° W. of N. Towards indicate four distinct outcrops of ore. The 

Mosabuni gneissose rocks principal of these passes through the village 
strike more to north. of Badia, near which are great heaps of slag. 

This was evidently a centre of extensive oper- 
ations. 

5 Ditto. 

6 No trace of ore at present Schists. 
exposed. 

7 Incrustations of tlie carbo- Black mica-schist From the abundance of slag it would appear 
nates on the walls. that here, as at Badia, considerable quantities 

of ore must have been smelted by the ancients. 

8 Traces of carbonates rare ... Mica-schist. 

9 Ditto slag abundant ... Ferruginous mica-schist At the site of the old town of Ruam, there 
are several tanks covered up by jungle and 
immense quantities of slag. 

10 This locality is given by M. Stcehr. 

11 Ditto Mica-schist. 

12 Ditto Ditto A number of deserted potstone mines and some 
which are still worked occur along this range. 

13 Traces of carbonates Ditto & quartzite Incrustations of the carbonates and black oxides 
occur oil the cuartzites forming the main axis 
of the hill. 

14 Ditto Slaty blue schists These are situated on a spur of Rangamatti. 

Ditto Ditto ... \ 
These were worked by the Copper Company. 

Copper pyrites ... Ditto ... >- But the pyrites was only just reached a short 
time before working was discontinued; d is 

Traces of carbonates Ditto ... ) west of the river, b and c being to the east. 

15 Carbonates, traces of red Greenish talcose schist and 
copper and pyrites. quartzo-felspathic grit. 

16 No ore seen Quartzite. 

17 Traces of carbonates Schist and quartzite ... Originally commenced by the ancients; it was 
deepened by the Company, but has subse¬ 
quently become filled up. 

18 Ditto Quartz and mica-schist much A considerable amount of ore appears to have 
contorted and baked. Banded been obtained here by the Company. M. Stcehr’s 
jaspery quartzites close by. papers give the details of workings carried 

on at Landu, 
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COPPER ORES OP 

No. Localities East to West. 
Number of 

Mines. Nature of Mines. 
Dip 

or Underlie. 

Landu Chundra Hill b Numerous Inclines 35°, 55° to 10° 
E. of N. 

Ditto Hill, N. of Turamdih c Ditto Ditto 40°—50° N., or 10° 
E. of N. 

Ditto Hill, N. of Tulsa d ... Ditto Ditto and adit 40° N. 

19 
f gora 

Jeling ■< 
(.bera f 2 

Shaft and incline ? 

20 Jamjura (TscAatrateefami of M. Stcchr) Several Shafts 

21 Gura 0 

22 Tamba—dungri ... 6 ? Shafts 25' N. 

23 Saldih 1 Ditto 

o C
 

&
 

&
 

24 Mundru ... 1 N. N. E. 40° 

25 Dtigni ... 0 0 60° X. 

26 Ukri . 1 Outcrop excavation ... 

27 Komulpur (Banksai) 1 Ditto ? 

28 Akarsuni a Several ... Ditto N. W. 

„ b . 1 Ditto ? 

29 Podumpur 2 Ditto ? 

30 Regadih 4 (a-d) ... Ditto ? 

31 Lopso Hill 1 Ditto 40° N. 

= s i 

° i 
-s i 
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SINGrHBHUM,—( Continued). 

No. Ore. Rock. Remarks. 

Traces of carbonates Schist. 

Ditto Contorted talcose quartzite and 
micaceous schists. 

These works were chiefly made by the Company, 
but all along the outcrop of the schists there 
are ancient excavations. In one place the ore 
permeates 6' of rock. 

Ditto Ditto The mines here were worked by the Company. 

19 Ditto Talcose and mica-schist. 

20 Ditto 
grey copper. 

and These shafts wore worked by the Company; one 
of them fell in while the operations were going 
on. 

21 Traces of carbonates Schist No mines opened at this locality. 

22 Ditto Sandy and fibrous mica-schists Shafts in very irregular positions and without 
reference to the lie of the deposit. 

23 No trace of ore Mica-schists. 

24 Ditto Soft satiny felspathic and talcose 
schist. 

Said to have been excavated by the father of the 
present Baboo of Dugni, Rungit Singh. 

25 Traces of carbonates Mica-schists ... This is situated in the village of Dugni; there 
has never been any excavation. 

26 Ditto abund¬ 
ant, a specimen yielded 
36 o per cent, of copper. 

White talcose mica-schists and 
granitic gneisses. 

Said to have been worked with profit by the 
Dugni Baboo about three years ago. 

27 Ditto Schists and gneiss. 

23 Traces of carbonate Schists, granitic gneiss and 
trap close by. 

A series of excavations in the fields are nearly 
filled up with surface soil. 

Ditto Ditto. 

29 Ditto Mica-schists and quartz Rocks much covered; no strike apparent. 

30 Ditto Micaceous and quartzose schists, 
also gneiss and trap close 
by (c). 

Copper is said to have been manufactured from 
ore extracted from (d) twelve years ago. 

31 

i- 

Ditto Coarse mica-schists ... Situated at foot of the hill west of Kaumdih. 

Y. BALL, 

Geological Survey of India. 
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Meteorites.—During the past quarter we have received an addition of four specimens 
of meteorites, representing 3 falls, of which no specimens existed in the Calcutta collections 
previously. 

1st.—From Dr. Tscitermak. the present zealous Director of the Mineral Cabinet at 
Vienna, came a very perfect, though not large, specimen of the fall at Hessle, near Upsala, 
which took place on the 1st of January 1869. And a very good specimen of the remarkable 
stone-fall which took place at Kernoure, Napoleonvilfe, Morbihan, France, on the 23rd 
May 1869. 2ndly, from Professor Daiibeee, Paris, we have received a fine specimen 
of the meteoric iron from Deesa, Chili, peculiarly interesting, not only for the breccia- 
form structure which it presents (recalling the Tula fall), but for the occurrence in it of very 
well marked crystals of Enstatite, colourless and transparent and of a purity not hitherto 
met with, also crystals of Peridot, of Schreibersite, and of a lamellar substance closely allied 
to Rypersthene. And also a second smaller specimen of the Ivernouve (or Cleguerec) fall 
of the 23rd May 1869. These were all in exchange for specimens of Indian falls. 

_ T. 0. 

DONATIONS TO MUSEUM. 

From Colonel H. C. Johnstone we have received a box of fossils collected by him 
in the Sulyman Eange. There has not been time as yet to examine these in detail. 

ACCESSIONS TO LIBRARY 

From 1st July to 30th September 1870. 

Titles of Books. Donors. 

Andrad, Dr. Carl Justus.—Vorwerltliche Pflanzen, 2nd Heft. 4to., 1869, Bonn. 

Beeendt, Dr. G.—Geologie des Kuriscken Haffen und seiner Umgebung, 4to., 1869 
Konigsberg. 

Bigsby, John J.—Flora and Faunna of Silurian Period (Thesaurus Siluricus) 4to 
1868, London. 

Beneden, Van, and Gervais, Paul.—Osteographie des Cetaees Vivants et Fossilos, Livn. 8, 
8vo., and Atlas, 4to., Paris. 

Bosquet, J.—Monographic des Crustaces fossilos du Terrain Cretaco du Limbour^, 4to., 
1854, Haarlem. The Author. 

Bourguignat, J. R,—Histoire Malacologique de la Regence de Tunis, III, 4to., 1868, Paris. 

Coquand, H.—Monographic du genre Ostrea, Terrain Cretace, Text, 8vo., Atlas, Folio, 1869 
Marseilles. 

Dechen, Dr. II. V.—Begleitworte zur Geologischen Karte von Deutschland, 8vo. and 4to. 
2 sheets, 1870, Berlin. 

Engelhaedt, II.—Flora der Brannkohlen formation in Konigreich Sachsen (Gekronnt 
Preiss-sehriften), Svo. and 4to., 1870, Leipzig. 

Feesenius, Du. C. R.—Qualitative Chemical Analysis, 8vo., 1869, London. 

Graeffe, De. Edw.—Reisen im innern der Insel Viti-Levu. 4to., 1868, Zurich. 

Zurich Nat. His. Soc. 

Gould, A. Augustus.—Report on the invertebrata of Massachusetts, 8vo., 1870, Boston. 

Hessenberg, Fried.—Miueralogische Notizen, New Series, pt. 6, 4to., 1870, Frankfort. 

Haidingeb, W. R. Von.—Das Kaiserlich-Ivonigliche-Montanistiche Museum und die 
Freunde der Natunviss., 8vo., 1869, Wien. The Author. 

Hamy, Dr. E. T.—Precis de Palseontologie Humaine, 8vo., 1870, Paris. 

Hanley, S., and Theobald, Wm.—Conchologia Indiea, pt. I, 4to., 1870, London. 

Issel. Arturo.—Malacologia del Mar Rosso., 8vo., 1870, Pisa. 

LinnaRSSon, J. G, O.—On some Fossils found in Eopliyton sandstone at Lugnas in Sweden, 
8vo., 1869, Stockholm. The Author. 
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Lubbock, Sir John.—On the origin of the civilization and primitive condition of man 
8vo., 1870, London. 

Menzel, Prof. Augt.— Die Biene in iliren Beziehungen zur Kulturgeschichte und ihr 
Lehen im Krieslanfe des Jahres. 4to., 1869, Zurich. 

Zckich Nat. His. Soc. 

Muir, J.—Sanskrit Texts, Vol. V, 8vo., 1870, London. Govt, of India. 

Mayer, Chas.—Catalogue Syst^matique et Descriptif des fossiles des Terrains Tertiaircs, 
8vo., 1870, Zurich. 

Nordenskiold, A. B.—Sketch of the Geology of Spitsbergen, Boy. 8vo., Stockholm. 
The Author. 

On the existence of rocks containing organic substances in the fundamental gneiss of 
Sweden, 8vo., 1870, Stockholm. The Author. 

Quetelet, A.—Observations des phenomenes periodiques pendant les annees, 1865, et 1866, 
(Extrait du Tom. XXXVII des Memoires Acad. Boy. de Bel¬ 
gique), 4to. The Author. 

Ooster, W. A., und C. Von Fischer.—Protozoa Helvetica, Bd. II, Abth. I, 4to., 1870, 
Basic and Geneva. 

Perrin, Andre.—Etude Prebistorique sur la Savoie, specialement a F epoque lacustre, 8vo. 
Atlas, 4to., 1870, Chambory. 

Pictet, F. J.—Materiaux pour la Palsnontologie Suisse, ou Becueil de Monographies sur 
les Fossiles du Jura et des Alpes, Ser. V, pts. 7 and 8, 4to., 1870, 
Geneva. 

Schimper, W. Ph.—Pakeontologie Vegetate ou la Flore de Monde Primitif, 2nd Tom. 
pt. I, with Atlas, 4to., 8vo., 1870, Paris. 

Sandberger, Dr. F.—Land und Siisswasser Concliylien der Vorwelt., Boy. 4to., 1870, 
Wiesbaden. 

Tschermak, G. Von.—Der Meteorjt von Lodrau, Aus dem LXI, Bde. de Sitzb. d. k. Akad. 
d. Wissensch. April Heft. 1870, Wien. The Author. 

Zittel, A.—Palseontographische Mittheilungen, Aus d. Museum, K. Bayerischen staates 
(II. 2). Die Fauna der seltern Cephalopoden, fuhrenden Tithon- 
bildungen, pt. I, text, 8vo., pi. fol, xxv—xxxii, 1870, Cassel. 

Periodicals, &o. 

Abstract of results of hourly meteorological observations taken at the Surveyor General’s 
Office from January to April and May 1870, 8vo., 1870, Calcutta. 

American Journal of Science and Arts, Vol. XLIX, Nos. 145 and 146, 8vo., 1870, New 
Haven. 

Annales des Sciences Gcologiques, Tom. I, 8vo., 1870, Paris. 

Annals of Indian Administration, Vol. XIV, pt. 1, 8vo., Serampore. Govt, of India. 

Annals and Magazine of Natural History, Vols. 5 and 6, Nos. 30, 31, and 32, 4th Series, 
8vo., 1870, London. 

Bastian, A. W. Hartmann, R.—Zei'tsehrift fur Ethnologie, Jahrg. II., Heft. 2, 8vo., 1870, 
Berlin. 

Cuyper, Cli. de. Revue Universelle des Mines, de la metallurgie, des travaux publics, &c., &c., 
14th year, Tom. XXVII, pt. 2, 8vo„ 1870, 

Geological Magazine, Vol. VII, Nos. 6 & 7, 8vo., 1870, London. 

Indian Economist, with Superintendent and Reporter, Vol. I, Nos. 11,12, folio, 1870, Calcutta. 

Indian Economist, with Superintendent and Reporter, Vol. II, Nos. 1, 2, iblio, 1870, Calcutta. 
Govt, of India. 

Journal de Conohiliologie, Series 3, Tom. X, No. 3, 8vo., 1870, Paris. 
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Mineral Statistics of Victoria for the years 1868-69, 4to., 1868-69, Melbourne. 

Dept, op Mines, Victoria. 

Neues Jahrbuch fiir Mineralogie, Geologie, and Pabeontologie, Jahrg., 1870, 2nd Heft., 8vo., 
Stuttgart. 

Palseontographica, Vol. XIX, pt. 3, 4to., 1870, Cassel. 

Petermann, A.—Geographische Mittheilungen, Bd. XVI, 5, 6, 7, 4to., 1870, Gotha. 

Pfeiffer, Dr. Louis. Malako-Zoologische Blatter, Bds. 16, 17. 8m, 1870, Cassel. 

Professional papers on Indian Engineering, Vol. VII, No. 28, 8vo., 1870, Roorkee. 
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Annual Repoet of the Geological Survey of India and of the Museum of Geology. 

Calcutta, foe the yeae 1870. 

Since the publication of the last annual report, the year now just passed has enabled 

the Geological Survey of India to make considerable progress in the careful examination 

of the country. 

Taking the several districts in succession, I shall briefly refer to the progress made 

in each. 

In the first place, it is necessary to notice the numbers with which the survey has been 

carrying on its labors, as the area which can be examined very seriously depends upon this. 

The vacancy in our staff caused by the lamented death of Mr. C. JE. Oldham in 18(39 had not 

been filled up, as no qualified person could he obtained at the time. And the absence on 

leave of Messrs. King and Mallet, neither of whom returned till just at the close of the 

year, left the Staff of the survey diminished by three of its most qualified members for the 

whole twelve-months. Early in the season also, Mr. Onnsby, who in the previous year had 

been obliged to proceed to Europe in consequence of the effects of sunstroke, hut had returned 

apparently restored, again felt the serious effects of exposure, and was obliged to leave the 

field rather earlier than usual. He was able to do some work in office, but gradually sank 

and succumbed to the effects of the attack and exposure in June last. Since March also, 

Mr. Fryar, specially sent out for the compilation of the mineralogical statistics of the country, 

has been placed under the orders of the Central Provinces Government for mining purposes, 

and has not in any way contributed to the progress of the Geological Survey. We have thus 

in reality been working during the year with only three-fourths of the full sanctioned num¬ 

bers on the staff of the survey. Mr. King was obliged to seek extension of leave from ill- 

health in England, and Mr. Mallet was authorized to proceed on special duty counting three 

months as service, in addition to his furlough. Thus, neither of these gentlemen was hack 

until quite the end of the year. Dr. IV. Waagen joined the survey, to fill the vacancy in our 

numbers caused by the death of Mr. Oldham in 1869, about the middle of December, and 

lias since then been most zealously engaged in the preparation and examination of the fine 

collection of Cephalopoda made during the last two years in Kutch. 

It lias been my duty on many occasions to point out the great delay and loss of work 

which result from such changes iu the staff. There is no source in this country from which 

properly qualified assistants can he obtained for the Geological Survey. In truth, Geology is 

nowhere taught in this country, and assistants must be sought for in Europe, where such 

sciences are cultivated. The numbers, however, from which they can be selected are small. 

Those who have proved themselves competent readily and rapidly find employment at home, 

where the terms of retiring allowances and of pay are much more favorable, under the 

circumstances, than are offered out here. And it is only possible occasionally to procure the 
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aid oi really trained and qualified assistants, who, either from a desire to see the geology 

of countries they could not otherwise hope to be able to visit, or from other causes, will 

venture to face the difficulties, hardships, and perils of a geologist’s life in this country. 

Such a description may appear to some highly coloured, and that geologists have no more 

reason than others to be anxious on the score of health. I have, however, often had occasion 

to point out some of the causes of this—that geologists are compelled not only to visit for 

au hour or two, hut often to remain camped for days in the very wildest, most inaccessible, 

and most inhospitable parts of the country. These are precisely the places most likely to 

afford them sections, and thus to give a clue to the structure of the district; but they are 

also the most dangerous. The serious losses which the survey has experienced since its 

commencement amply prove the truth of this. But perhaps the most convincing proof, that 

we are not alone in this view, will he to quote the deliberate opinion of Assurance Offices, 

who have had the whole facts carefully enquired into by their medical officers, and who 

acknowledging that there is no objection on any other ground to accept insurances on the 

lives of officers of the survey offered to them, yet decline to do so, stating that “ no premium 

whatever would cover the risk.” 

And, further, when new assistants have been obtained, a considerable time elapses before 

they acquire a knowledge of the languages of the country and an acquaintance with the 

peculiar arrangements necessary for tent-life and marching in this country, so that they 

must necessarily he for some time placed along with others, and cannot work independently. 

Mr. IT. B. Modlicott, Deputy Superintendent, devoted the early part of last year to the 

careful and detailed examination of the country near Mopani, the site of the Narbadda 

Coal and Iron Company's collieries. When this area was originally visited and mapped 

out (in 185G-57) there were no maps whatever on which to record the observations of the 

survey. A general compass-sketch was very successfully carried out by Mr. J. G. Medlicott, 

then engaged there, and on this, on the scale of four miles equal one inch, the structure of 

the country geologically was represented and published (Mem., Geol. Surv., India, Yol. II). 

No one could he more fully aware, of the imperfections of this sketch than those who con¬ 

structed it; and we, therefore, looked forward anxiously to the completion of the detailed 

and careful maps of the regular survey. The operations of the revenue survey under 

Colonel J. E. Gastrell had been extended to that part of the country, and at the close of 

1869 we were enabled, by his kindness, to obtain maps of part of the district, even in 

anticipation of their publication. These were just sufficient to enable us to take up the re¬ 

examination of the field, which the progress of railway communication, the, opening out of the 

line in the Narbadda valley, and the general increase in the demand for fuel, rendered so imme¬ 

diately important. This re-examination Mr. Medlicott personally commenced, and the results, 

so far as the Mopani field is concerned, have already been published (Records, Geol. Surv 

oi India, Yol. Ill, August 1S70). It is intended to carry on the careful examination of all 

the country which affords the least prospect of yielding coal or other valuable minerals in 

that neighbourhood as the detailed topographical maps become available. 

At the commencement of the present working season, Mr. Medlicott took up the revi¬ 

sion of the geological maps of the Jhansi, Lullutpur, and Saugor districts, prepared by 

Mr. Willson and others, with a view to their publication. Completing this, Mr. Medlicott 

will return to the Narbadda valley. 

Mr. W. L. Willson has been engaged during the whole of the year, and still is engaged 

in completing the examination of the country just referred to, and extending northwards to 

the Jumna, by Calpi. 

Mr. Racket has been examining the Jabalpur country, with the advantage of the 

recently completed detailed maps to record his observations, and I hope the present season will 

see this district completed. 
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Mr. Ball, as stated in last year’s report, was deputed to revise the maps of the Rajmahal 

hills, which are now ready for publication, so soon as the copper plates of the sheets of the 

Indian Atlas can be obtained from England and the maps transferred to stone for the 

geological lines. In the present season Mr. Ball has proceeded to the south of the Chota 

Nagpur country and Sirgujah, with a view to determine, at least approximately, the bound¬ 

aries of the extensive spread of coal-hearing rocks which there occur. For a large portion 

of this country maps arc now for the first season available. But there are still important 

gaps, for the plans of which we shall have to wait for some tune. Still it is hoped that we 

will be able to fix the boundaries with, at least, approximate accuracy over a very consi¬ 

derable area. Progress in these districts is unavoidably slower than elsewhere. Much of 

the country is without a road at all, and much of it is accessible only with elephants. 

In the early portion of the year, Mr. Ormsby had completed the revision of a large 

portion of the Bhaugulpore country. But his illness, and lamented death, prevented the 

final completion of the maps of that area. 

Mr. Mallet, who rejoined the survey towards the end of the year, has resumed the area 

on which he was last engaged, viz., the southern parts of Mirzapur and the adjoining parts 

of Eewah, &c., in the same valley. These are said to he rich in mineral wealth; and we are 

now for the first time able to take advantage of the recently completed maps of Rewah, &c., 

and to use them as records for the geological observations. Mr. Mallet had, on his return 

from Europe, been ordered to stop at Aden, and examine Aden and the country lying to the 

north of it between the peninsula and the hills with a special view to determine whether 

the principle of Artesian wells could be applied there with any prospect of success, in order to 

increase the supply of good water to the cantonments. Mr. Mallet’s report on the geological 

structure of this country will shortly appear in the Memoirs of the Survey. 

In Madras, by the absence of Mr. King and the death of Mr. Oldham, the party of the 

survey was reduced to only one, Mr. Foote. He completed the geological mapping of a 

considerable area of country, stretching along the valley of the Upper Kistna and adjoin¬ 

ing- area. Here the chief object has at present been to determine, ou the one side, the outline 

of the great Deccan trap rocks, which have overflowed all the earlier formations, and cover 

them with a thick and nearly continuous spread of old volcanic lavas and muds, and, on the 

other hand, to fix also the general boundary of the immense area of fundamental gnetssic rocks 

which constitute the basement rocks of everything else. Between these two, various other series 

crop out irregularly, and it is important to determine what these may he. This is the posi¬ 

tion which the coal-bearing rooks of India, among others, occupy, and there seem no sufficient 

reasons, a priori, why detached portions of these should not occur along the boundary in its 

south-western corner, as well as on the north-eastern. Hitherto no trace of them has been 

found, but, of course, we can only speak with any certainty regarding that portion which has 

been examined. Mr. King, who has recently returned from leave, has now rejoined the Madras 

party, and has taken up the continuation of the same boundary lines to the north by east, and 

will, I trust, during the present season, he able to carry his geological examination at least as 

far as Koolburga, while Mr. Foote will more especially extend his enquiries by the south and 

west to the Belgaum area, so as to join his lines with those already mapped some years since 

by Mr. Wilkinson in the Kokan and southwards to Goa. 

At the commencement of the year, Mr. W. T. Blanford was actively engaged in the detailed 

examination of the Berars and of Chanda district, and had nearly completed the portions of 

the Berars lying north of the Pern or Pein river. Ho was then specially diverted from this 

to visit and obtain a general idea of the extent and value of the coal-fields which had been 

for more than thirty years known to exist in Bilaspur, near Kurba, Ac. No topographical 

maps of this country, excepting in small detached areas, had been published up to date, and 

a detailed examination was, therefore, impracticable. I believe it was the late Colonel Ouseley 
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who first announced the existence of coal near this place, (as ‘discovered March 14th, 1840,’) 

and the fact had been noticed in all maps issued subsequently. The place had also been visited 

by several Forest Department Officers and others, and it was well known that coal was visible 

in detached localities extending over a considerable area. And although not having survey 

maps to work with, the Geological Department could not, in obedience to the instructions they 

had received, take up the examination in detail, it was highly desirable to obtain a general idea, 

with some accuracy, of the exteut and probable richness of these coal-fields. The vast import¬ 

ance of these fields, whenever a direct line of railway to connect Bombay and Calcutta 

might be brought into operation, had more than once been insisted on by myself and been most 

strongly urged. Mr. Blanford, therefore, proceeded there, and the results of his general exami¬ 

nation have already been published. It is needless to enter here ou the details, which will be 

found in the May number of the Records of Geological Survey of India, 1870. It will suffice 

to say that Mr. Blanford satisfied himself of the existence of very thick and extensive beds of 

coal, yielding fuel of fair quality in abundance, and covering a large area. Tie also traced out 

the continuance of the same rocks with coal far to the eastward, and in the country lying 

between Korba and Ranchi, in Oodeyporc (Ildipur), Jushpdr, &e. 

Mr. Blanford was also requested to take advantage of his being in that vicinity to 

examine the lead vein, reported, by Mr. Smart of the Revenue Survey, as occurring at 

Chioholi near Raipur. This would appear to hold out promise of being valuable. At least 

there is nothing in the appearances inconsistent with the occurrence of a good vein of 

lead and copper ore below the surface. But as the place has not been opened out, and no 

work's have as yet been undertaken on the lode, it is impossible to determine accurately 

its value from surface examination (Records, Geol. Snrv., India, 1870, pt. 2, p. 44). The 

yield of silver in the lead ore proved equal to 9 oz. 19 dwts. to the ton of lead. All this 

country is, however, at present so difficult of access and so entirely without the means of 

free inter-communication with adjoining districts that no extensive works for the econo¬ 

mizing of these valuable minei'al products could he undertaken with any prospect of 

success. There is an immense area here of country very rich both agfiffulturally and 

mineralogically which must remain unimproved until its communications be extended, and 

it he brought into contact with the ports of shipment and the more populous territories 
lying both east and west of it. 

Mr. Hughes was, during the whole of the early part of the year, engaged in the 

careful examination of the coal-bearing rocks of East Bertvr and Chanda, and is still 

carrying out the same. After I had myself left these fields at the beginning of March, 

I entrusted the sole determination of the proper localities for boring operations in the Berars 

to Mr. Hughes, and with the aid of Mr. Bateman Smythe, who had the actual work under 

his control, most successful progress was made in tracing out the continuous extension of 

the thick beds of coal up close to the northern extremity of the East Berar district. The 

monsoon having put a stop to those borings fora time, as there was nowhere in the district 

where good shelter could he procured, the tools, &c., were all removed to Yeotmahal, all 

repaired and rendered useful again. And on the opening of the season, Mr. Smythe at once 

commenced other borings, and found the coal at or near the village of Pqira or Pipar in the 

north-west of the field, and subsequently near to the river Wurdha, close by tbe village of' 

Suini, or Sewnee, which lies west by north of tho town of Wurrora, about seven miles. ^This 

is tbe most northerly point at which the coal lias been as yet proved in these lields. It is 

in a right line not more than 35 or 36 miles from the station of Wurdha, on the Great 

Indian Peninsula Railway. Under Mr. Hughes’ direction, Mr. Smythe, having thus carried 

up the coal to the extreme north limit of the Berars at this part of the boundary, has since 

commenced testing tbe extension of the coal more to the west, and with a view to prove 

whether it continues under the overlying trap rocks, has commenced boring to the west and 
north of the former sinkings. 
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The continuance in almost unbroken extension and in thick beds, at no point more than 

70 yards from the surface, of coal, easily accessible, and abundant throughout almost the entire 

length of the Wun district in East Berar along the valley of the Wurdha, has been thoroughly 

established by the Geological Survey in a portion of one season’s work. Not a single boring 

has failed under Mr. Sniythe’s charge, or Mr. Heppol’s, while so engaged. And sufficient is 

now known to justify the actual commencement of sinkings and establishment of collieries 

with a certainty that they can be conveniently placed for working. Mr. Hughes has shown 

much judgment and skill in fixing the localities for these borings since I left, and has been 

very successful in working out the geology of the district. 

Mr. Fedden, during the same time, was mapping in the area covered by the trap rocks 

to the north, north-west, and west of the coal-field, so as to fix accurately their boundaries 

in the vicinity of the coal-measures. There is a, very large area to the north which has not 

been yet visited. And this work is being continued in the present season. 

More recently the recurrence of the coal-bearing rocks to the north of the area covered 

by the outlying portion of these great trappeau Hows near to Wurrora has been pointed out 

by Mr. Fedden and at once communicated to the Central Provinces Government, so that 

trial borings may he carried out in that locality. It is near Khandalla, a village about 

5| miles nearly due north of Wurrora. This area had escaped the notice of the party who 

have been boring all the season close to Wurrora town. 

In the number of these Records for May 1870, I gave a brief sketch of the knowledge 

which had then been obtained of the structure of the coal-lields in that part of the country. 

Since then there has only been little more than a month’s work, so that there has not been 

much addition to this knowledge. At the close of last April also, I am happy to say the 

charge of the actual trials and borings within the area of the Chanda district was trans¬ 

ferred to the Government of the Central Provinces, and for any explorations made in that 

area since then the Geological Survey is not responsible. Before leaving the field for the 

monsoon recess, Mr. Hughes pointed out a proper locality for boring near the town of 

Wurrora, south of the trap rod's already spoken of, and coal has been found nearthere. I had 

also stated in the report alluded to, (Records, Geological Survey, India, 1870, No. II, p. 43,) 

that a boring would probably be required in the vicinity of that town. I am informed that some 

fourteen or sixteen borings have been undertaken there, and that coal has been proved in three 

or four. It proves to he, exactly as was anticipated, irregular and less abundant than 
in the adjoining territories. 

As there would seem to have been some misapprehension as to our views, arising from 

a hasty reading of the expressions in the report referred to, it may be well here to refer 

again to the statements made. In calculating the area under which coal could fairly he 

estimated to extend, the portion of the district covered by the thick flows of the trappeau 

or volcanic rocks was rejected from any present consideration, because it was said, “ this 

“thickness of trappeau rocks effectually conceals everything beneath them, and, looking to 

“ Ule Sreilt irregularity with which the coal rocks are overlapped, and the impossibility of draw¬ 

ing any sound conclusion either as to the place or depth below the surface at which coal might 

“be found, fully justifies our putting the entire of this area out of calculation in estimating 

“the extent or quantity ol the coal in these Wurdha-river fields. A boring will he put down 

to the north of this large area of trappean rocks, where the lower bods are again visible 

over a small area near Panjoorni, a village about six miles north-west of Wurrora, and pro- 

“ bably near Wurrora itself,” (that is, to the south of the same area). “But with this exception, 

there will be little use in testing the rooks further on that part of the field at present. It 

“is not at all intended to assort that the coal group does not extond under a considerable 

“part of this area, hut if it does so extend, the chances of finding it are so uncertain, and 

“ the depth at which it probably occurs so doubtful, and in any case so much greater than in 
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“adjoining areas, that for Ihe present at least, the coal, even if found, could not be worked 

“ to the same advantage or economy as elsewhere.” Nothing can be clearer than that it was 

anticipated that coal would he found near Wurrora to the south of this area of trappean 

rocks, and again possibly near Panjoorni to the north of the same area. 

It is the more necessary to point these facts ont. because geological maps of this part 

of the country have been published since then in public documents which entirely misrepresent 

the true state of the case, but for which the Geological Survey Department is in no way 

responsible. This area of trappean rocks, which is most obviously an outlying or separated 

portion of the immense extent of overflowing volcanic rocks, which cover some thousands of 

square miles of the Deccan, and close to the general boundary of which this area lies, is stated 

to be of “ trap rocks coming up through the sandstone” in one case* and is represented as a 

“trap dyke” in another, f Any geologist will at once see the vastly important difference in 

the two views here alluded to. In the one there is not only a chance, but almost a certainty, 

that the coal will be found under a part at least of the area covered at the surface by these 

rocks, (though we still think this may better be put out of any calculation for the present,) 

while, in the other, everything would be cut off, and there would be no prospects of proving 

the extension of the coal-bearing rocks at all. The same maps, which are issued in a way 

that might lead to the supposition that they had been furnished by the Geological Survey of 

India, represent the structure of the country very erroneously more to the south. I am not 

aware of anything to justify the extension of the Talehir rocks in a broad belt across the 

entire field up to the crystalline boundary on the east, and I believe there is no foundation 

for this representation. Certainly no such idea is held by the Geological Department, which 

is in the same paper stated to have been working out the stiucture ot the field, and which 

might, therefore, be supposed to hold the views represented on these maps. 

It had been my intention to prove the detached areas of sandstones near to Nagpur 

during the past season. This could have been done without interfering with the real progress 

of other enquiries. I am not aware that anything has been done in this direction. 

In the report referred to on the ‘Wurdha river coal-fields,’ I pointed oat that so 

far as information had been obtained up to that date, there appeared to be no question that 

any line of railway to these fields, if laid out with the object of commanding the widest 

area and largest "amount of traffic for a given outlay, ought certainly to be carried into the 

Berar country. And there has been nothing since discovered tending in any way to modify 

this opinion! There is coal, and enough to supply the demand, in the Chanda district. 

But it is neither so conveniently placed, nor so continuous, nor so economically workable, as 

in the Berar district. While the latter has the very great collateral advantage of opening out 

one of the richest cotton districts in India, whereas there is little or no cotton, comparatively, 

in Chanda, and the nature of the soil precludes any hope of much extension of its culti¬ 

vation. It would certainly appear an almost necessary consequence of the geological struc¬ 

ture of the country, that any line, intended to accommodate the hugest amount ot tiaffie 

in these two staples—coal and cotton—must be earned on the right bank of the Wurdha 

river, at least south of the junction of the river Wunna. Any tonnage of coal likely to 

be required from these fields would be common to either line, while the very large cotton 

trade of the rich districts of Berar, Edlabad. and all to the south, can only be accommodated 

to any useful extent by a line passing into, or through, East Berar. 

In connection with the examination of these important fields, it is only a matter of 

justice to the officers of the Geological Survey to point out that, at the first, it was estimated 

that four years would be required to explore fairly and to determine properly the value of 

* Report of Administration of Central Provinces, 1869-70, p. 70, Map, The workings of the Geological Survey 

Department have never been, as here stated, under the direction of Mr. M. Fryar. 

f Mining Journal, London, October 8, 1870. 



PART 1.] Annual Report for 1870. 7 

the coal-fields, with the full staff sanctioned for the purpose, while not more than one and 

a half years have already elapsed sinee a commencement was made. And during even this 

time those engaged have been diverted to other work. It Seems to me not only rash, but 

positively obstructive, to hurry on to conclusions, which must be as imperfect as the data on 

which they are based. The topographical maps of all the field are not even yet published, 

and without these uo good geological map can be constructed. Still the greater part, if not 

all, of East Berar has been examined, and a considerable portion of the west side of Chanda. 

But much still remains. And this must just be worked out in the same way, steadily 

proceeding from the known to the unknown, following up the details of the rocks', and care¬ 

fully putting together the isolated foots which are visible in this much covered country till 

the structure ol the whole can he built up. It is simply nothing but the wildest speculation to 

think that you can safely leap to a conclusion, or expect to accomplish in five days or even five 

minutes what would take more nearly five years to do. Let us apply the consideration to 

other countries. Any one, no matter how ignorant himself, who would demand a detailed 

examination, report, borings, &c., of the country between Liverpool and London in a few 

weeks, would either be pitied as out of his senses, or laughed at as unworthy of a reply from 

his ignorance. And yet here, if the demand were perhaps met by a simple statement of the 

impossibility of complying with it, this determination not to attempt what was impracticable 

would very possibly he thought dilatory. 

The discovery of this coal on the Wurdha river is of no recent date. It was publicly 

made known and exhibited more than forty years since. On the 19th August, in the year 

1830, Mr. J. Prinsep, the Secretary to the Asiatic Society of Bengal, laid before the Society 

a specimen of bituminous coal from the banks of the Wurdha river near Chanda, (Gleanings 

in Science, Vol. II, p. 380,) and in the next year, Mr. Prinsep gave the results of analysis 

of this coal, stating then, as we have had to do since, that it contained more than 20 per¬ 

cent. of ash, and also a larger proportion of volatile matter than usual, which, he adds, might 

enable the coal, though of little use as a fuel, to he turned to profit for the gas, which it 

gives out in great abundance {ibid, Vol. Ill, p. 381). This coal has since that time been 

noticed by several others; it was rejected as not. coal at all by many, and it was, in late 

years, only first declared positively to be good coal by one of the officers of the Geological 

Survey (Mr. Blanford). A rough sketch outline mjp was that very season made. But no 

detailed examination could be taken up until the detailed plans were ready. The Geological 

Suivey has since traced our the limits ol. the field, and has made considerable progress in 

the detailed examination of it. These seem to me to be the proper duties of that Survey, 

leaving the working of the coal to those more immediately interested in the success of the 

undertaking. And in doing this, the Survey only follow up the definite instructions they have 

received to confine their operations to such portions of the country as have been carefully 

mapped by the regular survey establishments of the country. 

The coal-fields known to occur in the lower Godavery near Dumagudium, for the 

examination of which no funds were provided last year, have been taken in hand during 

the present season, and Mr. W. Blanford has proceeded there for the purpose of examining 

them and determining the best localities for actual borings. These are the most southerly 

localities in India at which coal is known to occur, and their geographical position renders 
them of high importance. 

Among the many wild statements of the ‘ discovery’ of coal and other minerals which 

constantly find, their way into the columns of newspapers, and give rise to much speculation 

and excitement, one of the wildest seized oil the public during the past year, and was urged 

officially on the Government of Madras. It was stated that coal, ‘excellent steam coal,’ ‘ very 

different from Indian coal,’ Ac., &c., had been found near Gooty within a very short distance 

of the railroad and most conveniently placed. I took no notice of the first announcement 
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I saw of this. But when it was circumstantially stated that not only coal, bnt numbers 

of fossils, both animals and plants, identical with those which characterized the coal-fields of 

Scotland and England, had been procured in the same place, these details almost made one doubt 

their own convictions. I should have given nothing for the stated occurrence of ‘ fossil ferns and 

beautiful specimens of coal plants,’ because I bad, years before, received from the same neigh¬ 

bourhood and sent by the same person as now announced the discovery, a large collection of 

what were then called ‘ beautiful coal plants,’ but which on examination proved to be nothing but 

the dried and squeezed rootlets of common grasses which had inserted themselves between 

the cleavage planes of a true slate, and had been attached to the surfaces by a little very fine 

impalpable mud carried in by water. The slightest application of water washed oft’ every 

trace or marking of these So-called beautiful fossils. I was therefore prepared for the 

assertion of ‘coal plants,’ but the production of a few shells said to be from rocks which had been 

carefully examined before, without yielding a single organism, was still to be explained. 

Mr. Foote was requested to visit the locality on his way to the season's work, and I purposely 

left him without the geological maps which had been constructed by bis colleagues, desiring 

to leave him without a chance of having bis own opinions influenced by the views of others. 

His results are given in a very elear and concise statement published in the first number of 

the ‘ Records,’ 1871, and it will he seen that there was not to he found a single bed of rock 

agreeing either in colour or texture with that containing the fossils said to have been brought 

from that district, but which, it appears, had been previously lying unlabelled, mixed up with 

other fossils of all ages and localities, and picked out from this aggregate of confusion. 

The coal, which certainly was, as described, ‘good steam coal,’and “very different from 

most Indian coals, ’’ was found just in the line followed by carts which had drawn a large 

quantity of similar coal to a contractor’s depot not three miles off; and to test the extent of 

this coal, the Government were recommended to commence boring in the granite-gneiss on 

which these dropped fragments were found !! Anything evincing more lamentable ignorance 

of the very first, elements of geological or mincraLogical knowledge than the whole affair it 

would be impossible even to conceive. 

This was an instance in which there could not be the slightest doubt that the gentleman 

who brought forward the matter did so in all sincerity of purpose and honesty of belief in 

its truth. But during the past year, it has been also our duty to expose a very deliberate 

but amusing fraud leading to the heliof of the existence of coal where it might possibly have 

occurred, although it was highly improbable that it did, and where the sanguine antici¬ 

pations of those who first made known the supposed discovery led them to picture in glowing 

colours future results of magnificent dimensions. These illusions led also to serious and 

costly practical results, which a little calmer consideration Would probably have obviated. 

At the commencement of the year, it was publicly stated that thick and valuable beds 

of coal had been unexpectedly found while boring for water within the precincts of the 

new Central Jail Buildings at Midnapore. This ‘ discovery’was widely published, and the 

most sanguine anticipations of results were put forward. Dr. Mouat, then Inspector General 

of Jails, took up the question very energetically. Such tools as could he procured here were 

obtained, and the borings were prosecuted with great vigour under the able charge of 

Major J. I>. Swayne. the Executive Engineer in charge of the works of the jail. The matter 

did not come to the Geological Survey till some months later. In March, Dr. Stoliczka, then 

in temporary charge of this office during my absence, reported to the Government of Bengal 

that the specimens of coal which had been sent indicated a valuable fuel, hut that as 

nothing whatever was then known of either the dip or strike or thickness of the bed, all of 

which were entirely concealed by a thick covering of laterite and lateritous clays, &c., no 

correct idea could he formed as to what quantity of coal might exist in the locality. Borings 

were, therefore, continued and others made. The specimens of coal sent up from time 
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to time were all of the same kind, and all in similar pieces. The value of this coal was 

tested by assay, but any opinion as to the real value of the ‘ discovery’ was withheld until 

after actually visiting the place. In the middle of April I went to Midnapore, hoping to find 

that the boring (No. 4) then in progress would have reached the coal by the time of my 

arrival, and that I should be able to judge better of the nature of the bed from seeing how 

the fragments came up in the boring tools. I remained several days, but regret that I 

failed to see the coal, which was stated to have been reached some few days after my return. 

However, I had the advantage of cross-questioning the man in charge of the borings, 

and I ascertained from him that no actual bed of coal had ever been cut, but that, as he 

stated, throughout a depth of nine to eleven feet, the fragments of coal had been brought 

up mixed with the soft slush of the red clay in which the tools were sinking. Front 

the moment I first saw the specimens of coal said to have been brought up, I believed that 

they could not have been the result of the cutting of any solid bed. And it was on my 

stating this to the man that he at once explained the matter as I have said. His answers 

were clear and consistent, and the facts, if they were facts as stated, were easily reconcilable 

with a supposition that the tools had just struck the loose outcrop or top of a hod of coal, 

the detached and broken portions of which had become mixed up with the clays above. To 

test these statements, and to prove the continuity of the coal, if it existed, the boring 

rods were at once moved as far to the apparent dip of the supposed coal as the limits oi 

the jail grounds permitted. A boring in this locality ought certainly to give, if the statements 

were correct, a sufficient covering of rock over the coal to preserve it from any such 

admixture with the clays as appeared to occur in the other borings, and would also give a. 

satisfactory indication of the amount and direction of dip of the bed, ii it proved continuous. 

This boring (No. 5) was commenced, hut owing to the soft nature of the clays and 

sands through which it passed and the want of tubing, combined with the bad boring tools 

at command, it was necessarily abandoned before it had reached the required depth. After 

a delay of nearly a couple of months tubing was procured, and another boring was put 

down close by. This was in September. I communicated my suspicions to Major Swayne, 

and asked him to take precautions to prevent the possibility of any repetition of the trick, 

which I suspected had been played, of putting coal down the bore holes that it might he brought 

up again. And this boring was carried down some 220 feet, hut, as Major Swayne states, 

‘not a single trace of coal was found subsequently to the date on which these precautions were 

taken’. To satisfy himself more thoroughly, Major Swayne then very judiciously commenced 

a new boring close to (within a foot or two of) the first boring in which eleven feet yielding 

coal were stated to have been passed through. Before this was commenced, new and 

better tools had been procured from England, and the boring was rapidly and easily 

carried out. 

The boring had, however, only reached about half the depth at which the coal was 

stated to occur, when the man in charge disappeared without leave and under very suspicious 

circumstances. After he had thus absconded, bis bouse was searched under warrant from a 

Magistrate, and some coal was found partly in lumps and partly broken up. And on compari¬ 

son of this with that said to have been brought up from the borings, they proved identical. 

This, however, although very strongly corroborative of the suspicions entertained, was not 

sufficient to establish the facts : so the boring was continued and carried right through the 

whole depth at which the coal was, in the first instance, stated to occur. But not a trace of 

coal was found* 

These results appeared sufficient to justify stopping all further borings with a view 

to test the extent of the coal which was shown not to exist. One only will be continued to 

prove the actual thickness of the covering clays, sands, &c., in this part ol the district. 
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Briefly then, four borings had been nearly completed before the Geological Survey had the 

matter brought before them, in all of which coal had been stated to occur at about the same 

depth from the surface. A fifth boring was necessarily abandoned from want of proper tools, 

and the sixth discovered the fraud. The last boring put down close by the first was simply 

put down as a confirmation of the results obtained from the others. And so far no evidence 

whatever has been obtained that coal occurs at all in this Midnapore locality. 

The trick of putting coal down a bore hole so that the boring tools may again bring it up, 

is by no means an unknown one. It has frequently been practised in Europe, &c., and I 

believe this is not the first time it has been resorted to in India either. Some useful lessons 

may possibly he learnt from such a detection. One is tho delay and doubt inevitably 

engendered by the use of inferior and unsuitable tools for such enquiries. Some months 

would have been saved had there been available proper boring tools and piping in the present 

case. And it was simply impracticable with the bad tools at command to keep the boring 

holes as clear and free as they ought to have been. It would also seem both injudicious and, 

therefore, costly to employ doubtful characters in matters when so much must be taken on 

their statements. And certainly, if men arc put to such work, it would be wiser to pay them 

in proportion to the work they are called on to execute. Tho man in charge in the present 

esse was at first a convict, and when released, he received only a wretched pittance, barely 

sufficient to keep him from starving and certainly not sufficient to place him above the 

temptation of trying to eke out his living in other ways. It is highly probable that better 

pay would not have kept him from attempting such frauds, hut the chance of his indulging 

in them would unquestionably have been diminished if he had been placed above want. 

But if such rogueries he sufficient to indicate the serious responsibility which attaches 

to those who without enquiry hurry before the public with highly coloured and exaggerated 

statements of such ‘ discoveries ’ and so mislead every one else, the time and money will have 

been well spent. If there were not a hasty and unthinking desire to gain a little fame 

and reward by the immediate announcement as a discovery of what was quite unproven, I 

have no hesitation in saying that similar tricks, even if once attempted, would certainly not 

be often repeated. 

Major Swayne, the Executive Engineer in charge of the jail works, has throughout 

exhibited a very earnest and intelligent desire to test the truth of the statements made, and 

would certainly have proved the facts before publicly announcing them. 

I refer more particularly to these considerations because as an immediate consequence of 

this much trumpeted discovery of coal at Midnapore, came an urgent request from Madras, 

that a very large reward (two lakhs of rupees, £20,000, was first mentioned, afterwards 

reduced to one-half of a lakh,) should be offered for the discovery of a workable bed of coal 

south of the 17th parallel of latitude in India; the coal to be of a specified quality, and the 

scam of specified dimensions. 

This recommendation was based distinctly and directly on the assumed fact that a bed of 

coal, 13 feet in thickness, had been found at Midnapore beneath a thick superficial deposit of 

laterito, where all the lower rocks cropping out iu the neighbourhood were crystalline and 

much older than the coal-hearing deposits. It was urged that “ the discovery of coal under 

such circumstances is without precedent,” hut that the precedent being once established other 

such discoveries might fairly he looked for elsewhere. And that as it was known that in the 

Madras Presidency vast tracts of country existed in which the geological formation of the 

surface agrees with the above description, no reason appeared why the discovery of coal should 

be a more improbable event there than at Midnapore. 

It might suffice here to point out that as the coal has really not been found at Midnapore, 

all this reasoning, supposed to he safely based on that discovery, must fall to the ground. 
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But as the whole thing appeared to me to he a baseless illusion, I had to point out the reasons 

for this opinion. This may best be done by quoting the letter addressed to the Government of 

India on the matter; in this, after speaking of the terms on which it was proposed to offer 

such a reward for the finding of coal, and stating my belief that nothing was likely to result 

from such a procedure, but a useless waste of time and money, I went on to say,—“ I am 

convinced of this not ouly by the general experience of the result of such offers, but even 

more by the grounds on which the offer is recommended. This recommendation appears 

to me to he based on an entire misconception of the facts regarding recent discoveries 

of coal, and it may, therefore, be well briefly to indicate, for the information of the Consulting 

Engineer for Railways in Madras, as well as others, bow those facts really stand. Major 

8. Stewart refers to a generalized statement of mine as to the geographical limits within 

which the great development of coal-measures in India has been confined. That this was a 

very general statement he would have seen from the fact, that the coal of Assam, of Eastern 

Bengal, and of many other places were excluded; and so far as the argument that the product¬ 

ive coal-fields of India are confined to one belt across the peninsula, it was of exceedingly 

little importance whether the southern limits were given at the 20th degree or at the 18th 

degree of north latitude. In fact, if the map which accompanies the report referred to 

had been looked at, it would have been seen that the coal-hearing rocks were shown to 

extend below the 20th degree of latitude, and also that the country still further to the 

south was shown to he unknown geologically, regarding which, therefore, nothing was 

attempted to he asserted. The southern limit of the coal-hearing rocks has since then been 

carried further to the south than was then (1807) known, but only within the limits then 

indicated as unexamined.” 

“ It is entirely correct to state that great difficulty presents itself when any attempt is 

made to form general conclusions regarding the mineral resources of so vast a country, 

But this difficulty only arises from the impracticability of actually seeing this vast area 

and the necessity of trusting to the information of others. There is no real difficulty in 

determining the facts wherever we can examine the country. Reports of mine are also 

quoted, stating that coal had been found in the borings in the Chanda district at places where 

its existence was entirely unknown or unsuspected. It was clearly not unknown or unsus¬ 

pected by the Geological Surveyors, as they selected the points at which the borings were put 

down. But it was asserted that it could not possibly exist there by so-called practical 

engineers, the very class whose aid it is proposed now to invoke.” 

The letter goes on to argue, that because coal has been found at Midnapore under 

laterite, and because a considerable portion of the Madras Presidency presents a surface 

formation of laterite also, it cannot he seen that the discovery of coal should he a more 

improbable event there than at Midnapore. 

“ We are not in any way responsible for the statements or descriptions given in news¬ 

papers, but those quoted above certainly do not represent the facts correctly. The seam 

of coal (the thickness of which by the way is as yet quite unknown) does not underlie a 

thick superficial deposit of laterite in the ordinary or proper sense of the term. It occurs 

in a series of beds of sandstone, &c., of totally distinct ago from the laterite, and which had 

been disturbed, broken up, and very largely denuded or worn away before the nearly horizontal 

beds of the laterite and lateritous clays were spread over them ; that is, the continuity or 

position of one formation is not the slightest clue to the continuity or position oi the other. 

The lower roclcs also which crop up in the neighbourhood are not crystalline. The crystalline 

rocks show a long way to the west. But wherever there is any trace ol other rocks under 

the laterite, those rocks are sandstones, which have become much impregnated svith iron from 

the laterite above, and have, therefore, lost a good deal ol their distinctive characters. It is 
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said, “ so far as known, a discovery of coal under such circumstances is without precedent.” 

But so far from this being really so, coal has not only been known, hut worked for many years 

in the eastern end of the Ranigunj coal-field under exactly similar circumstances, the only 

difference being that the covering or thickness of the laterite is much less than at Midnapore. 

In other respects the cases are analogous.” 

Undoubtedly “similar discoveries may be looked for elsewhere under similar geological 

conditions.” “ But although there are in the Madras Presidency vast tracts of country in 

which the geological formation of the surface is laterite, there is not that I am aware of 

any single locality where there is the slightest reason to suppose that this laterite covers 

up and conceals coal-measures below. There is no place where such coal-measures appear in 

the adjoining country, or in any of the sections. At Midnapore there is at a limited distance 

to the north the extensive and rich field of Eanigunj, which is at its eastern limit all covered 

up with laterite. And again to the south, similar sandstones, &c., appear near Cuttack, 

rendering it beyond a question more probable that if any distinct formation did occur under 

the laterite and above the crystalline rocks, that formation would certainly he the coal-hearing 

rocks. * * But there is not as yet known a shadow of evidence that any similar 

conditions exist anywhere in the Madras Presidency.” 

Publications,—The “ I! nconus of the Geological Survey” have regularly appeared at the 

fixed intervals of three months. This series has proved, as anticipated, most useful in giving 

early and timely notices of geological facts, which could not he given to the public for many 

months if it were necessary to wait for a tolerably complete report, such as could be published 

in the Memoirs of the Survey with maps, &c. In the four numbers for the year 1870 will he 

found, in addition to the annual report of the Geological Survey and of the Geological 

Museum, a general sketch of the geological structure of the neighbourhood of Madras; the 

alluvial deposits of the Irvavvadi valley ; geology of country around Gwalior; the Wurdha 

river coal-fields ; the Mohpanl coal-field in the Narbadda, valley ; geology of Mount Tilla, in the 

salt range, Punjab ; full accounts of the copper deposits of Singbhum; the coai near Korba, 

Bilaspur, with brief notices of lead lodes at Ghicholi in Raipiir; lead and copper in 

Manbhum; lead Ores near Sleemanabad in Jabalpur; on petroleum in Burraah, &c., and in the 

Punjab, Ac., &e., with the customary lists of additions to our library during each quarter. 

The lead found in Manbhum by Mr. Ball proved to he extraordinarily rich in silver, yielding- 

more than 119 ounces to the ton of lead ! We have had several very satisfactory testimonies 

to the value of this series of papers. And one of the best perhaps is the readiness with 

which our results are quoted in the Geological Journals of Europe, Ac. The quick publication 

of results in this way renders it unnecessary to enter into the same detail in our annual 

report, for these records contain at full, or in full abstract, the descriptive reports, Ac., of the 

officers of the survey for a large part of the year’s work. 

Of the larger publications, The Memoirs of the Geological Survey of India, we have, 

we regret to say, been able actually to issue only one part. Great progress has been made in 

the preparation of others. But it has not been possible to bave the geological maps and 

sections prepared and ready for issue in time. A long and fully detailed report on the country 

lying between Madras and the Kistna river is actually printed, but cannot he issued until the 

map to accompany it be ready. Reports on the small coal-fields of Itkhuri (Eetcooree); of 

Daltongunj, or Palamaun ; of IvaranpunS, south of Hazarfbdgh, Ac., are also ready for issue, 

with the exception of the maps which are to accompany them. These unavoidably take 

much time. They are useless unless prepared with considerable accuracy, and the colouring 

requires much care and special attention. This too is work which cannot be done in the 

ordinary way without the supervision of a geologist who understands the maps. A 

detailed and beautiful map of Kutch is also being printed off now. This is being printed 
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in colours, and will, I think, prove a very excellent and admirable record of the geological 

examination of the country. We are greatly indebted to Captain W. G. Murray, in charge 

of the Lithographic Department of the Surveyor General’s Office, for the earnest and skilful 

attention he has given to this and other similar work, of which he lias done much with his 

own hands, and for the friendly and zealous aid he has throughout afforded. Indeed this is 

only a continuation of the same earnest assistance we have invariably experienced from 

Colonel Thuillier and all of his valued department. 

Of the Paljeontologia Indicia, the regular issue has been punctually maintained, 

with only one difference. It was found by experience that the small fasciculi, which at first 

were issued every three months and distributed at once, were frequently lost or much injured 

in transmission, or were not cared for afterwards as larger books would he. And ill 

consequence of several representations to this effect, the four fasciculi representing a twelve 

months’ issue of these palaeontological memoirs have been published as one part. The 

part or volume issued during 1870 contains the first portion of the bivalve mollusea of the 

Cretaceous rocks of Southern India (the Pele<n/puda). These have been illustrated with the 

same accuracy of detail and fulness of research as were the volumes already published of the 

Cephalopoda and Gastropoda. And the series has elicited the very highest encomiums from 

the best paleontologists and geologists of Europe. Dr. Ferd. Stoliczka, Paleontologist to 

the Survey, has throughout maintained the same thorough and indefatigable devotion to 

the work he has undertaken as have hitherto distinguished his labors. 

The preparation of the final geological maps to be issued on the basis of the sheets 

of the Atlas of India has made much progress. Two quarter sheets, including Madras 

Town and neighbourhood, are nearly ready (No. 78, north-east and south-east), and the copper 

plates of several others have been applied for, that the necessary transfers for geological 

purposes may he prepared. 

Geological descriptions of various parts of the country have been furnished to local officers, 

and especially a general sketch of the Geology of Orissa to Dr. W. W. Hunter tor his accounts 

of that province; of the Central Provinces, published in the Gazetteer of the Central Pro¬ 

vinces ; and of the Berars for the Gazetteer of those districts. Other similar sketches have 

been applied for, but in some cases too late to admit of their preparation in time. It ought to 

be borne in mind, that however brief such sketches may be,the very necessity for this conden¬ 

sation renders them more tedious and troublesome in preparation than a fuller report might he. 

Library.—Seven hundred and thirty-seven volumes or parts of serials have been added 

to the Library of the Geological Survey during the twelve mouths under report. Of this 

number no less than five hundred and twenty-five have been received in exchange for the pub¬ 

lications of the Geological Survey of India from Societies and other Institutions with which 

relations of exchange have been established. Of these accessions, a complete list for the three 

preceding months is given in each number of the Records, and to this report is added a list 

of all Societies or public Institutions from which, during the twelve months, donations or 

exchanges have been received. 

We still labour under the great disadvantage of having this valuable collection of books 

so crowded from want of proper space for their preservation, &o., that much time is lost and 

great inconvenience incurred when references are necessary. 

The Library of the Geological Survey has during the year been freely consulted by many 

besides the officers of the survey, and has proved very useful by affording access to many 

books not to be bad elsewhere in Calcutta or in India. 

Museum,—The regular and systematic numbering, entering, and cataloguing of the nu¬ 

merous additions to our collections progresses. Always a tedious process, it is in our case 

rendered more than usually so by the necessity we are under, from want of space, to pack 
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away, after cataloguing, in boxes, a very large part of the series, and simply store them in the 

godowns ; this difficulty which involves a very large share of additional work, whenever refer¬ 

ence to, or comparison of, these specimens becomes necessary, will be unavoidable until the 

Museum obtains proper space for the exhibition of its collections and for rendering them 

accessible to those who desire to study them. 

Mr. Tween, Curator, has been steadily progressing with the detailed examination of the 

coals of India in connection with the detailed experiments as to their actual ‘ duty, which are 

being carried out by Colonel H. Hyde, b. e., at the Mint Offices. When completed, it is hoped 

that these combined assays and actual trials will g’ive a very much more trustworthy and 

accurate test of the relative values of the various coals of India, than lias hitherto been 

obtainable. The specific gravity of each coal is carefully determined, and the general assay or 

composition; and then careful analysis of the ashes of the coal is made, showing the 

nature of their composition and the presence or absence of ingredients, which, though in small 

quantities, would exercise possibly a very seriously injurious elfect on the results ol the em¬ 

ployment of these coals in manufactures, such as smelting of irou, &c. 

Meteorites.—As stated in the Records of the Survey, 1870, pt. 4, p. 104, we have 

added to our large collection of Meteorites, during the past year, specimens of the fall at 

Hessle, near Upsala, on the 1st of January 1809; of that of Kernouve or Clegueree, Morbi- 

lian, Prance, of the 23rd of May 1869; also a fine specimen of the iron of Deesa, Chili. 

As customary, an index map on a small scale is appended, showing roughly the present 

state of the survey; as also a list of those Societies or public Institutions from which we 

have received publications during the twelve months in exchange for those of the Geological 

Survey of India. 

The various collections are all in as good order and safe keeping as the nature of the 

accommodation at our command will permit. 

T. OLDHAM, 

Geological Suiivey Office, ) Supdt. of Geol. Survey of India, and 

January, 1871. ( Director of Geol. Museum, Calcutta. 

List of Societies and other Institutions, Sfe., from which publications have been received 

in donation or exchange for the Library of the Geological Survey of India during 

tie year 1870. 

Belgium.—Academie Royale des Sciences, Bruxelles. 

Berlin.—Royal Academy of Science. 

„ Deutsche Geologische Gesellschaft. 

Boston.—Society of Natural History. 

„ Museum of Comparative Zoology. 

Calcutta.—Asiatic Society of Bengal. 

„ Agri-Horticultural Society. 

„ Public Library. 

Cambridge u. s.—Museum of Comparative Zoology. 

Dresden.—Naturwiss. Gesellscbaft, Isis. 

Dublin.—Royal Society. 

„ Royal Geological Society. 

„ Royal Irish Academy. 
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Edinburgh.—Royal Society. 

„ Royal Scottish Society of Arts. 

Florence.—Geological Society of Italy. 

Gottingen.—Ivonigl. Gcsellsckaft der Wissensehaften. 

Lausanne.—Socicte Vaudoise des Sciences Naturelles. 

London.—Royal Institution of Great Britain. 

„ Royal Geographical Society. 

„ Royal Society. 

„ Royal Asiatic Society of Great Britain and Ireland. 

„ Geological Society. 

„ Geological Survey of Great Britain and Ireland. 

„ Society of Aids. 

Moscow.—Societd Imperiale de Naturalistes. 

Munich.—The Academy. 

Neuchatel.—Society of Natural Science. 

New York.—Museum of Natural History. 

Norway. —Royal University of Christiania. 

PaTjERmo —Consiglio di Perfezionamento di Palermo. 

Paris.—Comm, des Annales des Mines. 

„ Sociotd Geologiquo de France. 

Philadelphia.—American Philosophical Society. 

„ Franklin Institute. 

„ Academy of Natural Sciences. 

Portland.—Society of Natural History. 

Rookree.—Thomason College of Civil Engineering. 

Salem.—Esses Institute. 

„ Peabody Academy of Science. 

Stockholm.—Royal Academy of Science. 

„ Bureau do la Reeb. Geol. d. 1. Suede. 

St. Petersburg.—Acad. Imp. des Sciences de St. Petersbourg. 

Toronto.—Canadian Institute. 

Turin.—Royal Academy of Sciences. 

„ Academy of Turin. 

Victoria.—Govt. Geological Survey of Victoria, Department of Mines. 

Vienna.—Kais. Akad. der Wissensehaften. 

„ K. K. Geologisehe Reicks-Anstalt. 

Washington.—Smithsonian Institute. 

,, National Academy of Sciences. 

Zurich.—The Society. 

Governments of India, Madras, Bombay, Bengal, N. W. Provinces, Punjab; Chief Com¬ 

missioners of Oude, Central Provinces, and British Burmah; Surveyor General of India, 
&c., &c. 
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Results of an enquiry into an alleged discovery of Coal near Gooty, and 

of indications of Coal in Cuddapah District, by R. Bruce Foote, f. g. s., 

Geological Survey of India. 

Dr. Hunter in his letter to the Madras Government which I perused by desire of the 

Hon’ble R. S. Ellis, c. B., the Chief Secretary, stated that he was led to examine a certain 

piece of ground lying west of the Adoni road, and about five miles from Gooty, by hearing 

from a Sergeant Fenner, stationed at that place, that he had picked up fragments of coal at 

the above spot. 

Dr. Hunter himself picked up one or two more fragments of coal, lying loose on the 

surface, at the same place, and from this inferred the existence of coal below the surface, and 

recommended that a further search should be carried out by means of ‘ borings.’ 

In order that no possible mistake should arise in identifying the spot in question, I 

requested Sergeant Fenner to become my guide to it, and accordingly visited it under his 

guidance. 

The place I was taken to proved to be situate among the metamorphic rocks, which, at 

that spot, consist of an extremely hard, massive and highly crystalline variety of granite- 

gneiss, forming a low rocky hill west of Yerragoody tank. This granite-gneiss, which 

weathers into great tors and rounded lumps, is of a pale, pinkish or greyish white color 

(when freshly broken) speckled with small crystals of black mica in considerable numbers. 

Both here and throughout the neighbourhood it is traversed by trap-dykes (generally of 

green stone) and small quartz veins. 

It was very evident- therefore the coal fragments collected here could not have been 

derived from the underlying rock, but must have come from elsewhere, but no younger rocks 

out of which they might have been washed, or weathered, occur anywhere in the immediate 

vicinity. The nearest place at which younger rocks occur is fully eight miles to the eastward 

where beds of quartzite and limestone appear; these belong to the Cuddapah (Kadapah) series 

which is nowhere known to contain coal or any carbonaceous mineral. That the fragments of 

coal found by Dr. Hunter and Sergeant Fenner could not have been washed there out of the 

Cuddapah rocks is quite clear, as no drift of any kind occurs at the level where the fragments 

in question were found, which cannot be less than from 30 to 50 feet above the nearest valley, 

that of the little stream which fills the Yerragoody tank. Furthermore the fragments of 

coal in question are perfectly angular, with an unweathered surface, never liaving been 

rolled by water. 

No fragments of coal remained at the time of my visit to the Yerragoody hill. 

Sergeant Fenner pointed out as “most favorable indications of' coal” according to 

Dr. Hunter, what proved to be the rather decomposed surface of a small trap-dyke exposed 

in a ballast pit close to the road. A hummocky intrusion of coarse dioritie trap was, on 

the same authority, given as “ iron ore.” 

In conclusion, I have no hesitation in believing that the fragments of coal found by 

Dr. Hunter and Sergeant Fenner had been brought to the spot where found by some human 

agency. 

They were either brought from a coal depfit belonging to Mr. E. W. Barnett, C. E., 

tiie Railway Contractor, the remains of which may still bo seen at the spot where the Gooty- 

Adoni road crosses the railway, a distance of only three miles from the Yerragoody hill, 

or else they may have been dropped from the carts in which Mr. Barnett carted a quantity 

of coal up to Adoni, previous to the time of Dr. Hunter’s visit. 
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In the latter case the carts would have to pass within a few yards of Dr, Hunter’s 

supposed coal-field. 

Among the remains of Mr. Barnett’s coal depot at the crossing over the line, to which 

my attention was directed by Mr. Barefoot, the very obliging Locomotive Foreman at Gooty 

Station, I picked up various pieces of slaty north-of-England coal identical in appearance 

with the specimens from Yerragoody hill, which Dr. Hunter exhibited to His Excellency 

Lord Napier and the members of Council on the occasion on which I was desired to attend. 

2.—Indications of Coal near Cuddapah. 

Dr. Hunter’s informant as to the existence of good indications of coal near Cuddapah 

was, I believe, a Mr. Adams, a soi-disani * experienced coal miner from Chanda.’ 

The spot indicated as showing such promising indications of coal lies about five miles 

north-north-west from Cuddapah where the limestones (here belonging to the Kurnool 

(Karnul) series) have been largely quarried in deep pits, a little to the east of the village 

of Chinna Mazapully. These pits at the time of my visit were quite full of water, but 

the waste heaps, which I went over carefully, showed not the faintest indication of coal or 

coal shale. 

In addition to the negative evidence afforded by the waste heaps, I ascertained from 

Mr. Higginson, the Irrigation Company’s Engineer at Cuddapah, who has worked the self¬ 

same quarries largely, and for weeks together been in the habit of constantly visiting them, 

that he has never seen the smallest trace of carbonaceous matter in any part of the rocks 

there exposed. 

As Mr. Higginson is not only an experienced Civil Engineer, but also a careful and 

thoughtful observer of facts, bis evidence may be very safely accepted as conclusive of the 

non-existence of coal or coaly matter at this place. 

Dr. Hunter did not, I believe, visit this place personally, but merely brought Mr. Adams’ 

supposed discovery to the notice of the Madras Government. 

3.—Fossil shells and petroleum near Ryalclieroo. 

In his letter to the Madras Government above referred to, Dr. Hunter further stated that 

he believed coal occurred in the rocks lying between Ryalcheroo (in Bellary District, fifteen 

miles south-east of Gooty) and Cuddapah, and advanced three reasons especially for such 

belief; firstly, the presence of fossil shells ‘ TerebrCltulce' in the limestone near Ryalclieroo ; 

secondly, the presence of petroleum in limestones at Khoua Oopalapad, six miles north-east 

of Kyalcherroo ; and thirdly, the black color of some of the limestones occurring between 

Tadputri (Taudapurtec) and Cuddapah ! 

Dr. Hunter produced before the Council two fossil shells (Terebratulm of a species 

somewhat resembling T. hastata) which he stated came from Ryalcheroo, where they had 

been found some years ago by Major Bissett (since deceased, I believe), and added that the 

late Mi-. Robert Cole, Inspector General of the Indian Medieal Department, Madras, had 

also collected similar fossils at the same place. 

As Dr. Hunter could give me no information as to the exact locality near Ryalcheroo 

whence the fossils came, and I had not the maps of that neighbourhood, prepared by my 

colleagues, a great deal more time was required to investigate this point than would have 

been otherwise necessary. 

I examined a very large number of beds of limestone with intercalated slates, shales, 

quartzites, Ac., &e., without finding the slightest trace of any organic form, some very 

doubtful worm-tracks excepted. 
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None of the limestones agree in color or texture with that which yielded Dr. Hunter's 

specimens, and I cannot help having the strongest doubts as to the correctness of Dr. 

Hunter’s statement that the Terehratulce in question came from Ryalcheroo, or any other 

place in that neighbourhood, as the statement in question rests only on the authority of his 

memory, which in this instance has, I firmly believe, played him false. 

When Dr. Hunter showed me those Terehratulce some days before the meeting of the 

Council, they were unlahelled in a drawer containing many other fossils from Europe, equally 

unlabelled, and mixed up together regardless of geological age, or natural orders. Whatever 

Major Bissett’s specimens may havo been, I cannot but think that, from trusting too much 

to his memory, and from keeping his collections in a state of utter disorder. Dr. Hunter has 

made a mistake, and unintentionally taken some European specimens for Major Bissett’s. 

The presence of petroleum in the limestones at Khona Oopalapad might offer some little 

support to Dr. Hunter’s expectations of finding coal in the Cuddapah rock series, if proved, 

but unfortunately no petroleum can be found there. 

The only substance which, following his directions, could be found at Khona Oopalapad, 

either by Mr. Kclsall, the Acting Sub-Collector of Bellary, or by myself, was a dark brown, 

glistening, foetid substance which has dribbled out of numerous small caves in the face of 

the cliff overhanging the Khona Eamaswainy Pagoda. 

This substance, though somewhat resembling petroleum in color, differs very markedly 

by refusing to burn. Before the blow pipe it volatilized without any appearance of flame. 

The small caves out of which this brown substance dribbles are tenanted by numerous 

bats and blue pigeons whose excrements are, by percolation of water in wet weather, converted 

into a species of guano retaining a very unpleasant bat-like odour. 

The limestone cliffs in which this ‘ bat-guano’ occurs do not belong to the Cuddapah 

rock series, but are formed of a recent travertin deposited on the scarp of those older rocks 

by streams flowing from a more elevated plateau of limestone (of the Kurnool (Karnul) series), 

which lies uneonformably on them. 

The small caves are mostly spaces left between numerous large stalactites in the traver¬ 

tin, otherB are of artificial origin. The travertin is still being formed, but probably in far 

less quantity than in former periods when the country was less arid. Numerous organisms, 

such as land-shells, and leaves of trees of living species, have been encrusted by the travertin, 

and their impressions are beautifully clear. 

The * bat-guano,’ I find, had been pronounced by my colleagues, the late C. 2E. Oldham 

and W. King, Junr., not to be petroleum. I was not aware of this till after my visit to 

Khona Oopalapad. 

In reply to a letter in which I drew his attention to the fact that the supposed petroleum 

refused to burn, Dr. Hunter informs me that the specimen he received from Mr. Smart, 

late Chief Engineer of the Madras Railway, burnt with a strong flame, dropping and giving 

off much gas, but he does not know exactly from where Mr. Smart got it. I intend writing 

to Mr. Smart on this subject as soon as I can ascertain his present address. 

It thus appears that none of Dr. Hunter’s statements have been substantiated, while 

the most important have proved to be entirely without foundation. These statements were 

no doubt made by Dr. Hunter in a sincere belief in the correctness of his deductions, but 

the latter, unfortunately, were based on a series of hasty, crude, and in some cases utterly 

incorrect, observations evidencing such a want of practical knowledge of geology and several 

other sciences that in future his ‘ geological discoveries’ should be received with extreme 

caution. 
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Mtneralcxhcal Statistics of Kumaon Division, collected under instructions from the 

Commissioner, Colonel H. Ramsay, c. b., by A. W. Lawdee, Civil Divisional Engineer. 

While submitting these mineralogical returns for the past year (1869-70), I would call 

attention to the statement commencing my last year's report, and to the remarks now 

made by Captain Garstin. While every care has been taken to check as far as possible 

the correctness of the details, Btill too much reliance cannot be placed upon them. It is not 

the special duty of any native officials in the several parts of the districts to collect the 

information required, and those from whom it is asked not understanding the object for 

which it is sought, or seeing any direct advantage to be derived therefrom, are liable not 

to be overcareful in making their calculations ; and it should therefore be remembered that 

t he figures entered are merely approximations and not actuals. Specimens from most of 

the mines mentioned in the returns having been received by me, 1 have endeavoured to give 

a description of their character and species, so far as 1 can determine them by the ordinary 

rough tests. 

DETAIL OP LOCALITIES. 

Kumaon District. 

Iron.—Agar Putti-—JLmgani mine.—The specimens are rich in metal, of a laminated 

structure, black colour, are slightly micaceous, and influence the magnetic needle. They 

may possibly contain Manganese. 

Agar Putti—Nutthua Khan mine.—A micaceous ore rich in metal, laminated, affects 

the needle slightly. 

Agar Putti—Sutbuvga mine.—A rich haematite, influences the needle. 

Agar Putti—Gulla mine.—Ore similar to that of the Nutthua Khan mine. 

LuTchunpur Putti—Munia mine.—The ore is seemingly an earthy red hjematite 

minute particles of yellow metal appear here and there, of which I have no means of testing 

the nature. 

Darun Putti—Diguria mine.—This specimen is also an earthy red hiematite. 

RungourJi Putti—Diguria mine.—Ore possibly a clay ironstone. In parts affected by 

acid similarly to Spathic iron. 

Rung our h Puiti—Julal mine.—This resembles micaceous iron schist. 

Kliarai Puiti—Lobe mine.—This ore is apparently a brown haematite. 

Mulla Kulyoor Putti—Lugthan mine.—Similar to the last named specimen. 

Buraon Putti (Gangfili).—A black micaceous ore apparently rich; laminated, and 

influences the magnetic needle. 

Copper.—Rael Putti (Gangfili)—JBujill mine.—This ore is a copper pyrites. The 

matrix is composed of steatite and felspar. 

Bael Putti—Relhayat mine.—Specimen similar to the last mentioned. 

G-unguli Putti—Tamba Khan.—This ore is pyrites, and is apparently rich in metal, 

talcose rocks form the gangue. 

AiliagCum Putti ((languli)—Fudiali mine.—Specimens from this mine do not seem very 

rich in copper. In a matrix of talcose schist pyrites is disseminated in small particles. 
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Gukhwat, Distktct. 

Thon.—PyTcunda Putti.—These specimens exhibit granular iron pyrites imbedded 

in veins of quartz which occur in a dark greyish talcose schist. They are apparently 

not very rich in ore. 

Stli Chamlpur Putti—Sajbunga mine.—This is a haematite, rich in quality. It is 

slightly attracted by the magnet. 

Silt Gkandpur Putti—Khush mine.—This is evidently a micaceous ore, scaling off 

easily, minute crystals, resembling garnets, can be observed on the sides of the specimens. 

The adjacent beds seem to be chlorite schist. The ore affects the needle. 

Putti Biehla JVagpur—Bulchunda mine.—Specimens from these mines are also of a 

micaceous nature, and seem to contain in parts, minute crystals of quartz, pyrites, &e., 

otherwise it much resembles graphite, and leaves minute particles upon the fingers when 

touched. It does not influence the compass needle. 

Putti Biehla JVagpur—JaTchtoK mine.—This ore is probably a clay ironstone. It is 

of a light coffee colour, and of little specific gravity. 

Putti Biehla JVagpur—Gilet mine.—This ore is similar to that of the Bukhunda 

mine. 

Putti J\Tulla Dussoli—MJoTc mine.—The specimens appear to be magnetic iron ore 

rich in mineral; colour black, structure crystalline, and laminated. It possesses highly 

magnetic properties. 

Putti Mutta Dussoli—Churbung mine.—This corresponds to that of the Mole mine, 

one fragment is a natural loadstone and exhibits its polarity in the direction of the planes 

of lamination. (P) It seems very rich in iron. 

Putti Buchursyun—Diigura mine.—It is difficult to define of what nature these speci¬ 

mens may he: possibly an earthy hydrated oxide of iron. Its colour varies from yellow¬ 

ish-brown to dusky black, streak the same. It is of little specific gravity, the clay seemingly 

predominating. 

Putti Idyaleote—PipuU mine.—Probably a hydrous form of sesquioxide of iron, clav 

largely predominates. 

Putti Idyaleote—Danda Toll mine.—The ore from this mine seems an argillaceous 

variety of brown haematite. 

Putti Painu,— Ghulya mine.—Very similar to the last mentioned. 

A specimen of iron ore brought from the neighbourhood of Milum, called by the natives 

of Mulla Johar ‘ Buldunga’, seems a crystalline variety of red hamratite. It is used 

there for a red dye, the colour being extracted by rubbing the stone on a hard surface 

while wet. 

Sulpha's.—This occurs frequently in the clay shale, and argillaceous rocks in the lower 

ranges. A stream running down beside the suspension bridge at Katgodam contains it 

in solution. A stream near Xurgoli village (new Tliul Road) Putti Athagaon is strongly im¬ 

pregnated with sulphur, and deposits it freely upon twigs, leaves, &c. 

Sal a jit,—'With reference to my remarks upon this substance in my last report, and a 

note by Dr. Oldham thereon, I would mention that I was led to form my opinion from a 

substance called Salajit and sold as such, wthich was brought to me from Gurhwal as the 
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pure mineral. I have since forwarded some of this to Mr. Tween, who has been kind, 

enough to analyse it. Here is what he says:— 

“ It contains nothing but a very sandy clay, mixed with some strong bituminous matter. 

It burns vigorously for a short time like a coal, but soon ceases, and leaves without di¬ 

minishing in bulk, nothing but the clay behindthus I was not much in error in naming 

it as bitumen. 

On further enquiry, however, I find that this is not the pure mineral, it may contain 

a small amount of it, but is otherwise largely adulterated. I have not as yet been able 

to visit the place from whence salajit is collected, but from intelligence obtained from several 

Halims, I am led to believe that the pure mineral here known as salajit is in all pro¬ 

bability similar to that of Nepal, which I)r. Oldham states is a native sulphate of alumina. 

Salajit is used as a medicine. It is said to be a specific in colds or influenza; to ease 

pains in the heart and lungs; in rheumatism, taken internally and externally; it is given 

with nitre in affections of the kidneys; to cure Impotency, and is used as a Tonic; and 

also as a lotion to wounds, &c.; it is valued at 4 annas to Re. 1 per tola, according to quality. 

Sulphate of alumina is also to he found on some of the aluminous shales in the lower 

ranges in Kumaon. It can be seen on the road between Naim Tal and Khyrna, near Jak 

village. The shale contains minute particles of' pyrites disseminated throughout its mass 

which decomposing promotes the formation of alum. The infiltration of water causes 

lixiviation, and the alum is left as an encrustation on the outside of the rock. 

Talc.—A kind of dark-coloured Talc called Jalposhe seems also to be used as a medicine, 

either alone, or combined with other substances after it has been very finely pulverized. It is 

said to have cooling and tonic properties, is given in fevers, and in expectoration of blood from 

the lungs. These properties possibly arise from the amount of magnesia and iron it may 

contain. 

Slates.—Two specimens (in addition to those mentioned before) of clay slate have come 

under observation this year, one from Dharee village, Patti Bael, (Ganguli,) and the other 

from Bora Rao Putti. They are apparently much inferior to the Chitell slate in every respect. 

Imports and Exports. 

Prom the annexed tables prepared from information obtained from the respective Tehsils 

and Thannas, and from the statement from Gurhwal, the amount of borax altogether import¬ 

ed through the ghats of Darma, Milum, and Niti, including some from the Byansc and 

Choudans ghats, was rnaunds 31,473, or much less than shown in last year's returns. The 

amount entered in the return from Chumphawut is taken by me as a portion of the amount 

entered in the Petwa return, as it passes through Chumphawut en route for Burmdco and 

Pileebheet. A large quantity of borax direct from Choudans, Byanse and Darma finds its 

way into Nipal. The Tibetan authorities exact a tax in kind upon the export of borax to 

British territory of one load of grain for every ten loads of borax. It is carried by goats 

and sheep in a sort of pack with a pair of pockets slung over the hack, one on each side. 

The pockets are covered with leather to keep out wot and damp when piled on the ground. 

This pack is girthed underneath the body, a band round the chest and another under the 

animal’s tail render it perfectly safe. Each goat is supposed to be able to carry eight seers 

(or 16 lbs), and the pockets are made sufficiently capacious to hold that weight of grain.* 

* It is marvellous to observe the business-like way in which these little beasts of burden carry their loads ! 

Coming upon them on the very narrowest, steepest and slippiest ascent on the brink of a precipice they seem intent 

only upon pursuing their way, not turning aside for any one or anything, their obstinacy often causing the traveller 

uneasiness and teaching him patience. And uot the less carious is it to observe flocks of them numbering many 

hundred each meeting, each going the contrary way, and yet none make a mistake, hut persist in following their own 

leader and patiently overcome all obstacles to their doing so.—A. W. L. 
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Salt imported via the Johar (Milum) Pass in 1869-70 about... 3,000 

3,521 

4,000 

Niti and Man a Passes in 1869-70 about 

Parma and Byanse Passes in 1869-70 about 

Total 10,521 

It is sold at Bagesur at about Rs. 5 per maund, and by Almorah bunyas at Rs. 7 per 

maund. Tlie Bkotias geueraUy barter all their salt for grain. 

Salt is also imported from the Punjab and Sambbur Lakes. Labor! (Punjab) salt is 

generally most esteemed, and is considerably whiter than the other two. It averages from 

2 to 3| seers per rupee in the Almorah bazaar, whereas the Bhotia and Sambhur salts (of 

similar value) sell at from 4 to 6 seers per rupee, the fluctuations depending upon the 

amount available. The total amount of Indian salt imported appears from the accompanying 

statements to have been about 21,000 maunds, but this is probably below the mark, as no 

mention of it is made in the Gurkwal returns. 

Gold.—The amount of gold brought from Tibet and disposed of at Bagesur during 

the year appears to have been about Rs. 10,000 worth. It averaged Rs. 11 per tolak. It is 

collected in grains and dust from many of the Tibetan rivers, the authorities taking a 

percentage upon the amount realized. 

Sieved.—Silver was brought down to these provinces from Tibet in former times. It 

was imported into that country from those surrounding it (probably China), and does not 

seem to be found in Tibet itself in any quantity. It was sent into Tibet in a crude state in 

lumps called Doja or Thukka of a general value of Rupees 105 each. Importations from 

that, source have, I believe, ceased for some time, owing possibly to the great and growing 

influx of silver in the shape of rupees from British territory. Formerly all borax, salt, &c., 

was bartered for grain, cloth, &c., but now while a large amount is still disposed of in that way 

.(probably to procure actual necessaries), still, whether it proceed from the increase of trade, 

and the portability of coin for hoarding purposes, or from the existence of a greater demand 

for silver in Tibet, by far the largest amount of borax is disposed of here for British money. 

And I may mention that the Bhotias state that our coin is largely current in Gurtok and 

the other large towns, and is preferred by the inhabitants there to the coinage of other 

countries. They ask for the Cheharad&r Rupaya, or face-printed money. 

The Bhotia traders are only allowed to go as far north as Gurtok and Durchin. 

Further progress is impeded by the Tibetan authorities. 

Copper.—A large quantity of copper seems to be imported from the plains. 

Ikon.—The import returns seem to he 2,000 maunds from, against 155 maunds 

exported to, the plains. 

—The returns show 1,00,000 maunds of lime sent to the plains from Ramnugger 

and Chorgullia only. 

I forward herewith a return sent to me from Gurhwal by Captain Garstin together 

with some remarks by him thereon. 

24th August 1870. A. IV. Lawdee. 
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Imports, Chumphawut and Burmdeo. 

Name of Mineral. 
Number 

of 
Maunds. 

From whence. 
Value at 

Chumpha- 
wut. 

Ultimate 
destination. 

Value 
there. 

Remarks. 

11s. 
Brass The Plains ... 1,000 The Hills. 
Kansa (alloy of copper Ditto 400 Ditto. 

aud zinc.) 
Borax ' 9,000 Tibet ... 80,000 Pileebheet 1,25,000 
Coarse Salt (common)* ... The Plains ... 10,000 The Hills * Villagers purchase 

at Burmdeo and 
take to their 
houses in 
Hills. 

the 

Ditto (common)f... 4,000 Tibet 20,000 Petora, Chum- 
phawut, and 

f Consumed in 
Hills. 

the 

Burmdeo. 
Salajit Khurkd e s 

and Ndpal 
10 The Plains. 

Petoragurh. 

Name of Mineral. 
Number 

of 
Maunds. 

From whence. 
Value at 
Petora. 

Ultimate destina¬ 
tion. 

Remarks. 

Brass The Plains 
Ks. 
8,000 The Hills Sold at the New Thul 

Salt 4,000 Tibet ... 20,000 The Hills. 
Fair. 

Borax 16,000 Do. 1,60,000 Burmdeo and Pilee- 

Salajit District 15 
bheet. 

District. 

Panina gar. 

Name of Mineral. 
Number 

of 
Maunds. 

From whence 
imported. 

Value at 
Ramnagar. 

Ultimate 
destination. 

Remarks. 

Iron 55 The Hills ... Rs. 10 per md. Sold at Ram- 
nuggur. 

Ditto 1,000 „ Plains .. 8 „ Ditto. 
Copper 5 „ Hills ... „ 70 „ The Hills. 
Ditto 300 „ Plains ... .. 70 „ Ditto. 

Lead 10 Do. ... 12 Ditto. 
Gold Do. ... „ 1,000 Ditto. 
Ditto Mohurs Do. ... „ 10,000 Ditto. 
Borax* 15,000 Tibet ... The Plains. * Sold at Bagesur for Rs. 11 

per nniund, and at Ram¬ 
nagar, when cleaned, at 
Rs. 22 to 24 per maund. 

Salt (common) 15,00'> „ Plains ... „ 67,500 „ Hills. 
Salajit 2 „ Hills ... Re. 1 per tola. 1 seer sold at 

Ramnagar, re¬ 
mainder to the 
Plains 

Lime (Stone and Tufa) ... 90,000 Do. Rs. 18 per 100 
maunds. 

The Plains. 

Iluldwani. 

Name of Mineral. 
Number 

of 
Maunds. 

From whence 
imported. 

Value at 
Huldwani. 

Ultimate 
destination. 

Remarks. 

Iron 100 The Hills ... 
Rs. 
1,000 Sold at Huld- 

Ditto 1,250 The Plains ... 10,000 
wani. 

The Hills. 
Copper Ditto 2,000 Ditto 
Lead Ditto 500 Ditto 
Gold Ditto 10,000 Ditto In gold mohurs. 

Sulphur Ditto 50 Ditto 
Borax 7 Tibet 98 The Plains. 
Salt 1 he Plains ... 20,000 „ Hills. 
Salajit „ Hills ... 25 „ Plains. 
Lime Chorgullia, Bha- 10,000 Ditto Sold at the foot of the Hills 

bur. at Rs. 18 per 100 maunds. 
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Return of amount and value of all kinds of mineral produce brought 

Name of Putti. Name of Mine. 

D
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o
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Maunds. Maunds. Maunds. 

Kutowlee . Sujralbarree Iron... By digging rock... 700 3 55 8 

Ramgurh . Dusoula ... » 4,300 160 500 200 

„ . liana . ,, 2,000 90 200 65 

,, ... Palee, &e. » 2,200 120 150 72 

Agar . Pntbara . » 4,100 144 225 150 

Muj era . >» • • • •4,300 112 330 130 

l.osgyanee 4,000 130 450 220 

Nutbuakhan 4,300 135 525 235 

Gulla . 200 20 24 5 

Sunkea . 120 19 40 10 

Cliowkhoota 124 40 39 18 

Lukhunpore Munia . >» • • 600 220 60 31 

„ . Ckanee . »* 600 32 18 12 

,, Reena . ,, ,, 300 16 22 12 

»> Kanehoola >> 300 15 17 4 

Danin . Ludholee. 660 60 150 130 „. Madum . 700 70 144 120 

,, Ghoorkunda 900 75 130 125 

„ Mutkadria 750 52 126 132 

Rungourh. Kuna . 5,000 300 800 400 

„ ... ... Ookhulgara 6,000 230 800 300 

,, Jirtolee . 260 30 125 134 

Gewarh . Khetsaree 9,000 80 600 300 

„ Godee, Sirolee, &c. 8,300 65 700 250 

Mulla Kutyoor Lugthan. 400 25 40 4 

Tulla Johar Mulla Mainskote 450 25 33 7 

Kharai . Lob . 525 35 35 4 

„ . Goul . Copper Deep shaft 4,000 1 13 9 

BuraSn . Rai . „ ... „ . 3,700 3 14 2 

„ Belarh . „ ... „ 2,550 2 3 1 

,, Lettee . » ••• „ ... ... 550 2 2 2 

Tullee Row Naee, Borce, &c.... Iron ... By digging rock ... 1,000 2 14 7 

Seera . Agar . Copper Deep shaft 100 15 15 

KUMAON; 

Civil Divitl. Engr.’s Office, 

The 2oth August 1870. 
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to market or raised for private use in Zillah Kumaon for the year 1869 
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225 

192 

244 
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300 

125 
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Remarks. 

Partly sold in the neighbourhood and partly sent to Almorah, 
Huldwani and Nynee Tal. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto Ramnagar and to ditto. 

Ditto 

Ditto Huldwani ditto ditto. > 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Ditto Thul, Ramesur, Bagesur and Almorah. 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto Gurhwal. 

Ditto ditto. 

Ditto Bagesur. 

Ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

ditto ditto. 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

ditto and Almorah. 

ditto ditto, 

ditto and Thul. 

ditto ditto, 

ditto ditto. 

Ditto Burmdeo. 

Ditto Thul. 

A. W. LAWDER, 

Civil Divisional "Engineer, Kumaon. 
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Captain Garstin, in forwarding the Gurhwal returns, says (18th July, 1870) :— 

I have the honor to forward the annual statement regarding produce of mines, &c., 

in Gurhwal. 

2. Tli ere is a considerable difference between the figures now shewn and those of last 

year. This will be the case for some years to come, till the Putwarees, who have to compile 

the returns, and the miners who give'tlie information, understand better what is required. 

At present the latter suspect that there is some ulterior reason for the information being 

called for, and are therefore chary of giving it. 

3. It is quite impossible to find out to what parts of the country the metals extracted 

are sent, or in what quantities, as they are not sold at fairs, in this district: indeed there are no 

large fairs, where sales take place usually. Those wishing to purchase go themselves to the 

miners and do so, and unless some person to register sales were appointed for each mine, it is 

quite out of the question to attempt any compilation of this kind of information. 

4. Iron usually sells at 3 seers per Rupee, but if made up into vessels its price is 

2J seers. Copper sells at Re. 1-8, or Rs. 2 per seer, if made into vessels. 

5. As regards the statistics of salt, borax, and gunda-biroja since asked for by you, 

the return shews pretty nearly the quantities imported and sold and the prices prevailing. 

The latter article used to be exported In considerable quantities, but owing to the destruction 

caused to the Cheer forests in extracting it, this traffic has been put a stop to. 

6 In conclusion, I would add that for the reasons given in my 2nd paragraph, too 

much reliance must not he placed on these statistics, all they are worth is to show approxi¬ 

mately the quantities of metal, &c., produced. 

7. This return would have been sent in before, but further information was lately 

called for, which had to be collected, and hence the delay. 
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ACCESSIONS TO LIBRARY. 

From 1st October to 31st December 1870. 

Titles of Bootes. Donors. 

Beaumont, Elie de.—Lemons de Geologie pratique, pendant 1843-44, Tom. 2, 8vo., 1869. 

Blanford, W. T.—Observations on the Geology and Zoology of Abyssinia, 8vo., 1870. 

London. The Author. 

Buch, Leopold von,—Gesammelte Scbriften, Bd. II, 8vo., 1870, Berlin. 

Gorresio, Gasp.—Sunti clei lavori scientific! nella classe di Scienze Morali, Storiche e filo- 

logicbe della reale Acad. d. Scienze di Torino dpi 1859 a 1865, 

8vo„ 1868, Torino. Academy op Turin. 

Grant, Charles.—Gazetteer of the Central Provinces of India, 8vo., 1870, Nagpdr. 

Charles Grant. 

Haidinger, W. R. von,—Jubel-Erinnerungstage, Riickbliek auf d. Jahre, 1845, bis 1870, 

8vo., 1870, Wien. The Author. 

Landgrebe, Dr. G.—Mineralogie der Yulcane, 8vo., 1870, Cassel 

Lennier, G.—Etudes Geologiqucs et Paldontologiqucs sur Fembouehure de la Seine et les 

falaises de la Haute-Normandie, with Atlas, Roy., 4to., 1870, Paris. 

Lyall, A. C.—Gazetteer for the Haidarabad Assigned Districts, 8vo., 1870, Bombay. 

A. C. Lyall. 

Wood-Mason J.—On a New Acrodont Saurian from the lower chalk, Svo., 1870. 

The Author. 

„ Memoir of John Phillips, m. a., ll. d., from Geol. Magazine, 8vo., 1870. 

The Author. 

Maskelyne, N. Story.—On the mineral constituents of Meteorites, 4to., 1870, London. 

The Author. 

Milne-Edwards, A.—Oiseaux Possiles, 31—34, Roy., 4to., 1870, Paris. 

PERCiq John—-Metallurgy of Lead, 8vo., 1870, London. 

Quetelet, A.—Observations des phenomenes periodiques pendant les annecs, 1867-68, 4to., 

1870, Brussels. The Author. 

„ Notice sur le congres statistique de Florence eu 1867, 4to., 1869, Brussels. 

The Author. 

Schlagintweit, II. von,—Reisen in Indien und Hochasien, Bd. II, 8vo., 1871, Jena. 

Seeley, II. G.—The Ornithosauria, an elementary study of the bones of Pterodactyles, 

8vo., 1870, Cambridge. 

Prof. Sedgwick and H. G. Seeley. 

„ Index to the fossil remains of Aves, Ornithosauria, and Reptilia, from the 

secondary strata in the Woodwardian Museum, with prefatory notice 

by Prof. Sedgwick, 8vo., 1869, Cambridge. 

Prop. Sedgwick and H. G. Seeley. 

Studer, G.—Ueber Eis und Schnee, II, Abth., Bd. II, 8vo., 1870, Bern. 

Periodicals. 

American Journal of Conchology, Vol. V, pt. 4, and Yol. VI, pt. 4, 8vo., 1870, Philadelphia. 

American Journal of Science and Arts, 2nd Series, Vol. XLIX, No. 147, Vol. L, No. 148, 

8vo., 1870, New Haven. 
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Titles of Boohs. Donors. 

Armales des Sciences Geologiques, Tom. I, 8vo., 1870, Paris. 

Annals and Magazine of Natural History, 4th Series, Vol. VI, Nos. 33 to 35, 8vo., 1870, 

London. 

Annals of Indian Administration, Vols. XIII and XIY, pts. 2, 3, and 4, 8vo., 1870, Seram- 

pore. Government of India. 

Bastian, A. and Hartmann, R.—Zeitschrift fiir Ethnologie, Heft. 3, 4. 2nd year, 8vo., 

1870, Berlin. 

Blochmann, H.—Bibliotheca Indiea, No. 211, Ain i Akbari by Abul Pazl i Mubarik i 
’Alldmi, Fasc. XII, 4to,, 1870, Calcutta. Government of India. 

Cuyper, Ch. de.—Bevue Universelle des mines, de la Metallurgie, des travaux publics, 

&c., 14th year, Tom. XXVII, pt. 3rd, 8vo., 1870, Liege et Paris. 

Geological Magazine, Vol. VII, Nos. 8 to 11, 8vo., 1870, London. 

Indian Economist, with Agricultural Gazette and Statistical Keporter, Vol. II, No. 3, 4to., 

1870, Calcutta. Government of India. 

Jahrbucli des Schweiz®- Alpenclub, 6th year, with Atlas, 8vo., 1870, Bern. 

Leonhard, G. and Geinitz. H. B.—Neues Jahrbucli fiir Mineralogie, Geologie, und Palae- 

ontologie, Nos. 4 and 5, 8vo., 1870, Stuttgart. 

M Allgemeines Repertorium der Mineralogie, Geologie, und Palaeontologie 

fiir 1860-69, 8vo., 1870. 

Martini und Chemnitz.—Systematisches Conchylien-Cabinet, pts. 192 to 200, 8vo., 1870, 

Nurmberg. 

Paleontologie Fran^aise, Ten-ain cretaee, liv. 25, Tom. VIII, Zoophytes, 8vo., 1870, Paris. 

Palseontographica, Bd. 17, pt. 5., 4to„ 1870, Cassel. 

Petermann, A., Dr.—Geographische Mittheilungen, Bd. 16, Nos. VIII to X, 4to., 1870, 

Gotba. 

Pfeiffer, L.—Malako-Zoologisohe Blatter, Bd. 17, Forms 4 and 5, 8vo., 1870, Cassel. 

„ Novitates Conehologiea): Suppl. Ill, Monographic der Mollusken-Gattung 

Venus, Von Dr. E. Ecemer, 4to., 1870, Cassel. 

Professional Papers on Indian Engineering, Vol. VII, No. 29, 8vo., 1870, Boorkee. 

Major Medley, R. E. 

Quarterly Journal of Microscopical Science, New Series, No. 40, 8vo., 1870, London. 

Quarterly Journal of Science, No. 28, August 1870, 8vo., 1870, London. 

Records of the Geological Survey of India, Vol. Ill, pt. 4, 8vo., 1870, Calcutta. 

The Survey. 

The Indian Annals of Medical Science, No. 27, 8vo., 1870, Calcutta. Dr. N. Chevers. 

Government Sf.lections, &c. 

Bengal.-—Report on the Revenue Survey operations of the Lower Provinces from 1st 

October 1868 to 30th September 1869, fol., 1870. 

Govt, of Bengal. 

„ Report of the Sanitary Commissioner for Bengal for the year 1869-70, fob, 

1870, Calcutta. Govt, of Bengal. 
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British Burma.—Report on Prison Administration in British Burma for 1869-70, 8vo., 

1870, Bangoon. Govt, of British Burma 

„ Report on Public Instruction in British Burma for 1869-70, 8vo., 1870, 

Rangoon. Govt, of British Burma. 

„ Report on Police Administration in British Burma, 1869, 8vo., 1870, 

Rangoon. Govt, of British Burma. 

„ Report on Civil Justice in British Burma, 1869, 8vo., 1870, Rangoon. 

Govt, of British Burma. 

.. Report on Criminal Justice in British Burma, 1869, 8vo., 1870, Rangoon- 

Govt, of British Burma. 

Report on Vaccination in British Burma for 1869-70,8vo., 18/0, Rangoon. 

Govt, of British Burma. 

Progress Report of Forest Administration in British Burma for 1868-69 

and 1869-70, fob, 1870, Rangoon. Govt, of British Burma. 

Central Provinces.—Report on the Administration of the Central Provinces tor the 

year 1869-70, 8m, 1870, Nagpore. Chief Commissioner. 

India.—Records of the Government of India, Home Department, No. 80, 1868-69, 8vo., 

1870, Calcutta. Govt, of India. 

„ Selections from the Records of the Government of India, Public Works Depart¬ 

ment, No. 19. Progress Report of the Administration ol Forests in 

the Central Provinces for seasons 1867-68 and 1868-69, fol. 1870, 

Calcutta. Govt, of India. 

Mysore —Report on the Administration of Mysore for the year 1869-70, 8vo., 1870, 

Bangalore. Chief Commr., Mysore, 

Oudh.— Annual Report of the Administration of the Province of Oudh for the year 

1869-70, 8vo., 1870, Lucknow. Govt, of Oudh. 

Punjab.—Selections from the Records of the Government of the Punjab and its dependen¬ 

cies, New Series, No. 8. Administration Report of the Chamba and 

Bhawalpore States for 1869, 8vo., 1870, Lahore, Govt, of Punjab. 

Report on the Administration of tl.e Punjab and its dependencies for the year 

1869-70, 8vo., 1870, Lahore. Govt, of Punjab. 

Transactions of Societies, &c. 

Berlin.—Zeitschrift der Deutschen Geologischen Gesellschaft, Vol. XXIII, pt. 3, 8vo., 1870, 
Berlin. German Geological Society. 

Monatshericht der Koniglich Preussischen Akademie der Wissonohaften zu Berlin, 

Juli, 1870, 8vo., Berlin. The Academy. 

Brussels.—Aimuaire de l’Acad. Roy. des Scien. de Belgique, 30th year, 12mo., 18/0, 

Brussels. Belgian Academy. 

Bulletin de 1’Acad. Roy. de Belgique, 38th year, 2nd ser., Tom. XXVII and 

XXV11I, 8vo., 18- 9, Brussels. Belgian Academy. 

Memoires Courouncs et autres Memoires publics par l’Acad., Roy. de Belgique, 

Tom. XXI, 8vo., 1870, Brussels. Belgian Academy. 

Memoires Couronnes et Memoires des Savants strangers publics par lAcad. 

Roy. de Belgique, Tom. XXXIV, 4to., 1870, Brussels. 
Belgian Academy. 
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Calcutta.—Proceedings of the Asiatic Society of Bengal, Nos 9 and 10, 8vo., 1870, 

Calcutta. The Society. 

„ Journal of the Asiatic Society of Bengal, Vol. XXXIX, Pt. 1, No. 3. 8vo„ 1870, 

Calcutta. The Society. 

Dresden.—Sitzungsberichte der Naturwissenschaftlichen Gesellschaft, Isis, in Dresden, 8vo„ 

!869, Dresden. The So’ciety’ 

Dublin.—Journal of the Royal Dublin Societj’, No. XXXIX, 8vo. 1870, Dublin. 

The Dublin Society. 

„ Transactions of the Royal Irish Academy, Yol. XXIV: Antiquities, Pt 8 ■ 
Science, Pts. 9—15: Polite Literature, Pt. 4, 4to., 1807-70, Dublin. 

The Irish Academy. 

Edinburgh.—Proceedings of the Royal Society of Edinburgh, Session 1868-69, Vol. VI 

Nos. 77—79, 8vo., Edinburgh. 

The Royal Society of Edinburgh. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXV, Pt. 2, Session 

1868-69, 4to., Edinburgh. The Royal Society of Edinburgh. 

Florence.—Bolletino d. R. Comitato Geologico d’ltalia, Nos. 7 and 8, 8ro., 1870, Florence 

The Society. 

London.—Journal of the Royal Geographical Society, Vol. XXXIX, 8vo., 1869, London. 

The Society. 

„ Proceedings of the Royal Geographical Society of London, Vol. XI V, Nos. 3 and 

4, 8vo., 1870, Loudon. The Society. 

„ Journal of the Society of Arts, Vol. XVIII, Nos. 924 to 937, 8vo., 1870, London 

The Society. 

„ Philosophical Transactions of the Royal Society of London, Vol. CLIX Pts 1 

and 2, 1869, and list of Members, 4to., 1869-70, London. 

The Royal Society’. 

„ Proceedings of the Royal Society, Vol. XVIII, No. 122, 8vo., 1870, London. 

Ihe Society. 

„ Quarterly Journal of the Geol. Soc., Vol. XXVI, pt. 3, No. 103, 8vo. 1870 

London- The Society! 

„ Proceedings of the Royal Institution of Great Britain, Vol. VI, Pts. 1 and 2 Nos. 

52 and 53, with list of Members, Officers, and Professors, 8vo., 1870, 

London. The Royal Society. 

Melbourne.—Report of the Mining Surveyors and Registrars for the quarter ending 

June 30th, 1870, fob, Melbourne. 

The Sec., Mining Dept., Victoria. 

Moscou.—Bull. de la Soc. Imperiale des naturalistes de Moscou, Tom. XLII, Pts. 1-3, 8vo„ 

1869, Moscou. The Society. 

Newcastle on Ty’NE. Nat. Hist. Transactions of Northumberland and Durham, Vol. Ill, 

Pt. 2, 8vo., 1870, Newcastle on Tyne. 

Paris.—Bull, de la Soc. Geol. de France, 2nd Series, Tom. XXVI, 1869, No. 7, Tom. XXVII, 

1870, Nos. 2 and 3, 8vo., 1869-70, Paris. Geol. Soc. of France. 

Philadelphia. Journal of the Franklin Institute, Vol. LX, Nos. 1 and 2, July and 

August, 8vo., 1870, Philadelphia. The Franklin Institute. 
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Philadelphia.—Proceed, of the Acad, of Nat. Science of Philadelphia, 1869, No. 3, August 

to November, No. 4, 8vo., 1870, Philadelphia. The Academy. 

St. Petersbttbg.—Bull, de l’Acad. Imp. des Scien. de St. Petersburg, Tom. XV, Pts. 1 and 

2, 4to., 1870, St. Petersburg. 

Tubin.—Boll. Meteorologico ed Astronomico del Eegio observatorio dell’ Universita di 

Torino, fol., 1869, Turin. The Academy op Tuein. 

„ Atti della K. Accademia delie Scienze di Torino, Vol. IV, in 7 pts., Nov. 1868 to 

May 1869, 8vo., Turin. The Academy of Tukin. 

Vienna.—Denkschriften der Kaiserl Akad. der Wissenchaft. Wien.-Math. Naturwiss. classe. 

Bd. XXIX, 4to., 1869, Vienna. The Vienna Academy. 

„ Sitzungs-herichte d. Kais. Akad. d. Wissenschaft.-Math. Naturwiss. classe. 

„ 1. Abth., Bd. LIX, Hft. 3-6, Bd. LX, Hft. 1 and 2. 

„ 2. „ „ „ 4 and 6, Bd. LX, Hft. 1 and 2, 8vo., 1869, Vienna. 

The Vienna Academy. 
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The Axial group in Western Peome, British Burmah, by W. Theobald, Esq., 

Geological Survey of India. 

When examining the southern portion of the Arakan range, I applied tho term ‘axials’ 

to a group of rocks which seemed everywhere to comprise the central region or axis of the 

range, hut the relations of whieh to the newer or nummulitic group were not there very 

clearly displayed, partly from the nature of the ground and partly from the character of the 

beds which, though of great thickness, were very deficient in any salient points for arrange¬ 

ment and sub-division. In Western Prome, however, there is a great improvement in these 

respects, and the axial group is so well displayed that we obtain, not only a good insight 

into its relation with the newer group whieh adjoins it, but, from a few good sections, a 

tolerable conception of its own principal stratigraphical sub-divisions. Tho best and most 

illustrative sections are met with near the frontier, particularly in the Illowa stream, 

where an enormous thickness of beds dips with much regularity and at a high angle, the 

section comprehending beds of both the axial and nummulitic groups. 

As we go south the breadth of country covered by this group increases materially, and 

with this increase in breadth, there is a proportionate change in the arrangement of the 

beds, the high steady dip observable to the north there becoming replaced by a variable, 

and oft n extremely low, one. 

At the frontier, tbese beds are 13 miles in breadth measured from the crest of the range 

at right angles to its general strike, which breadth is diminished to 7 miles at Shuedouug, a 

remarkable hill thirteen and a half miles south-west by south from Mendoon. From this point 

the ‘ axials’ gradually expand till they attain their greatest breadth of twenty miles at Thabio 

Sukan, a bait ing place on the Aral;an road.* The relations of the axial and nummulitic groups 

are nowhere better seen than along the frontier, proceeding west from the village of 

Sangyi. The road from Sangyi to Yebile (Yua-ba-lay in map) lies over an undulating and 

in part hilly country of the ordinary character seen within tho outer ranges of hills composed 

of nummulitic strata. The forest is moderately thick and the low vallies rather well supplied 

with water, (considering that the previous rainy season had beeu very scanty, and most of 

the streams were unusually low in consequence). Prom many points along this line of road, 

the bolder character and denser forest of the main Arakan range formed a prominent and 

* It would seem to have been no fortuitous circumstance that dictated the adoption by the Burmese of the line 

along which the Padoung and Tonghoop road (Arakan road) now runs, and which is the line along which the Burmese 

formerly transported, at great cost and toil, a colossal image of brass of Gaudatna as a trophy of their prowess, 

from Arakan to their own capital. The road traverses the indurated rocks at the point where they are actually 

broadest, and where, in place of having to traverse ridges of highly inclined rocks, the road undulates over a series 

of spurs, whose ultimate origin must be looked for in the geological structure of the region. 



34 Records of the Geological Survey of India. [vol. IV. 

grateful feature in the landscape. The village of Yebile, on the Moo-choung (cloung or 

stream) is reached after a pretty sharp descent, and the same rocks as constitute the country 

traversed are alone to be seen in the bed of the stream. 

No sooner, however, is the Moo-choung crossed in a westerly direction than we 

find ourselves among roclcs of an entirely different aspect. These rocks (axials) are not 

only exceedingly disturbed, and along the boundary especially faulted and crushed, but are 

also indurated to a considerable extent, and often seamed with calcite. An excellent section 

of these beds is seen between Yebile and Kondaingzu (near Ivondaingkcng of map), and again 

above that village still going west, in the direction of Pathi, situated on a considerable feeder 

of the Mahton stream two and a quarter miles from the frontier. The scenery hereabouts is 

very beautiful, and I know no more wild or picturesque part of Pegu than the Mahton valley 

near the frontier with its rapid and flashing waters winding between rocky hills clad in virgin 

forest. From Yebile to Ivondaingzu the road lies up the valley and continues up it after 

passing that village ns far as Kyoungtb a, where, it somewhat abruptly commences to ascend 

the lofty ridge cast of Pathi. From the top of this ridge whose eastern slope is partly 

cleared for cultivation a magnificent coup d’ml is obtained displaying in panoramic 

order the lower ranges to the eastward and the more imposing and densely wooded ranges 

with their grassy peaks, west of Pathi. Of these the most conspicuous are Kyeedoung and 

Bomadoung which respectively mark the culminant points of the eastern and western 

Arakan range, though, strictly speaking, Bomadoung stands a little out of the general line 

of the range on a lofty spur, which stretches towards the Kyeedoung or eastern range, hut 

separated from it by the deep gorge-like valley of the Mahton. The Arakan range in fact 

here bifurcates some four miles south of Bomadoung which is given off’to the eastward, and 

of which the Kyeedoung range may he regarded as the continuat ion across the Mahton valley, 

whilst the westerly branch, or main range, after curving back a little runs north through the 

lofty peak of Myecn-ma-tonng above the frontier. On the frontier the eastern and western 

branches of the range are eight and three quarters miles apart measuring from the Kyeedoung 

peak to the triple boundary of Birina, Arakan and Pegu. The Kyeedoung and Bomadoung 

ranges are not only higher than those to the eastward, but unquestionably more densely wooded 

on their slopes,—and more so I think than is usually the case even on the main range further 

to the south,—though their summits are in many places covered with tall grass, which gives 

them rather a tame appearance. I do not think that this great contrast between the 

vegetation and forest of these hills and of the outer ranges depends to any appreciable extent 

on the rocks composing them, but results from the injurious influence of hill cultivation as 

practised in Pegu, the initial step in which is the extirpation, as far as practicable, of all 

vegetable life over large tracts of hill side from which only a few crops of cereals or other 

produce will he derived, when the same process will be repeated over some neighbouring area. 

In the ridge east of Pathi wo find an example of the incipient effects of the above process, 

which has as yet not gone the length necessary to produce the arid and meagre jungles of the 

outer ranges ; but even here, there is an unfavorable contrast with the more westerly slopes of 

Kyeedoung and Bomadoung. whore, I believe, no cultivation whatever has been attempted, 

and which consequently retain their virgin freshness, and whose slopes are still refreshed with 

those perennial rills which disappear before the system of hill cultivation as surely as the 

clouds of morning before the rising sun. Where water is deficient, the character o( the 

vegetation will he largely modified by peculiarities of the soil, especially its hygrometric ones, 

hut under more favorable cliuiatal or atmospheric conditions the influence of the sod is, 

with perhaps certain exceptions, less perceptible. An instance in point seems to he this very 

range east of Pathi which is well clad in forest, hut consists of harsh grits which primd 

facte would not seem so favorable to vegetation as the beds of the newer group to the east¬ 

ward where, for the reason above given, the forests are sparse and arid. 
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At the village of Kondaingzu an enormous thickness of bods is displayed vertical in 

places, or with a high dip west by north. The grits and shales are very regularly intercalated, 

the grits varying in thickness from an inch to a foot. They are hard and of a prevailing 

grey or bluish color. Tho coarser hods are white-speckled,—which white-speckling is quite 

characteristic of the upper portion of the group;—and a few of the conglomerates are 

coarse enough to he termed pudding-stones. The shales are grey, rarely dark and often 

purplish brown, with a few beds creamy or whitish. Tire section of these beds continues 

well displayed in the stream as far as Kyoungtha, with no material reversal of dip, which 

is generally upwards of 70°, varying between east-by-north and cast-by-south. Before 

reaching Kyoungtha, tho dip becomes much less and the beds are seen dipping at low angles 

in the opposite direction, forming small anticlinal folds, hut these excepted, tho sequence of 

beds seems uninterrupted, though the great thickness would render it probable that a fault or 

two brings in the same beds over again. In this stream I noticed many blocks of limestone 

well rounded, but too large to have travelled very far, but I could not find the outcrop, 

neither was it known to the natives. It did not seem to contain fossils, and though at llie 

time I was in doubt as to what group to assign it, a more extended examination of the ‘ axials’ 

removed all doubt as to its belonging to them. At Kyoungtha the road ascends the Pathi range, 

hut the rocks are not well seen. The prevailing dip is east-by-north, though in some places 

it is reversed. The prevailing beds are grits, thick bedded with rather glazed and rusty look¬ 

ing surfaces, especially where the rock is coarse and conglomeratic, llie wliolo ol the group 

thus far is much indurated and seamed with calcite, though nowhere displaying metamorphisiu 

proper. Directly, however, we cross the stream on which I athi is situated and ascend the slopes 

of the range leading up to Kyeedoung, wo find ourselves passing over a different description of 

rock, much of which is of a distinctly mctiunorphie character. IVhilst, however, in places the 

schistose character is plainly developed, the general impress of metamorphism is essentially 

feeble, and the result ill-defined, and, so to say, spurious. In these softer schistose beds, 

however, quartz veins have replaced those of calcite, which occur in the grits of the opposite 

hill; a peculiarity one would hardly have anticipated, viz., that the silicions grits he veined 

and seamed with calcite and the more argillaceous ones with silica, but I could not satisfy 

myself of any definite relation between either description of veins and any particular zone 

of rocks. A more extended knowledge of the axials, however, shows that, whilst a more 

perfect exhibition of metamorphism than any here seen occurs locally in these beds, such 

portions do not constitute or belong to another group, bow dissimilar soever in character 

they may be, and this is nowhere more indubitably manilost, than where the metamoipliisin 

lias been most marked. Such a case, for instance, occurs in the Illowa stream above 

Yuatbit, where a dyke of serpentine crosses the stream, and in contact with which several 

beds of the axial group assume quite the aspect of a hornblendic schist. A similar case 

on a somewhat larger scale is seen on the outer or eastern fiauk of Bidoung, a huge bill 

of serpentine a few miles from the frontier,—the protrusion of which seems not only to have 

affected the axials in its vicinity, converting them into chloritic and diallagie slates, but liy 

its mechanical action to have caused the great ontcurving or deilectiou which the axial 

boundary here displays. Metamorphism, however, of this distinct character is always very 

circumscribed in its range and not so likely to mislead as the more subdued type, affecting 

a great thickness of strata as in the Kyeedoung range for instance ; but whilst only speaking 

of this metamorphism as differing in degree, I do not consider it by any means established 

that the cause in either case is one and the same; and whilst referring the more local and 

exceptional action to the direct and immediate agency of the serpentine, I think it very 

questionable if that rock has been more than indirectly connected with the feebler and wider 

spread alteration to which the whole group may be said to have been subjected : the serpentine 

itself possibly being nothing more than the extreme product of the very forces which have 

induced the feebler but more widely spread alteration in the beds of this group. 
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The following section in the Hlowa stream above Yuathit will give a good idea of the 

general character of the upper portion ol this group, though its upper limit is rather doubt¬ 

ful:— 

Section of the axial group in tlie Illowa stream above Yuathit (ascending)— 

Lower Axials. 

Dark and greenish flaggy shales. 
Sandstones and shales. 

Dark thin bedded shales with carbonaceous markings. 

Upper Axials. 

Thick bedded shales, passing into dark massive arenaceous shales 
with hard nodules interspersed, with Cardita (?), &c. ... 

Ft. In. 
10 0 

b. 

Dark blue shale with a few sandstone bands 
Bubbly limestone conglomerate with a little blue shale, bedding rather 

indistinct ... 

Hard coarse conglomerate with a little fine sandstone 

Shales and sandstones in thick and thin beds ... 

Fine thin bedded grey argillaceous sandstones with shaly partings ... 
Do. thicker bedded ... ... ... 

Thick bedded sandstone in one and two feet beds with shaly partings 
Coarse hard Bub-porcellauous grit 

Thin bedded shales and sandstones and one six-inch bed ... 
Conglomerate ... ... T„ 

Shaly beds 
Hard argillaceous sub-porcellanous sandstones ... 
Shaly beds 

Massive argillaceous sub-porcellanous sandstones 
Shaly beds 
Hard sub-porcellanous sandstones 

Shaly beds 

Massive thick bedded grey, white speckled grits 
Do. but in thinner beds 

Shaly beds ... +,, 

Thick bedded sub-porcellanous white speckled grits 
Do. but thinner bedded 

Dark shales and sandstone 
Bluish grey sub-porcellanous sandstones 
Dark sandstone nud shales 
Dark shales 
Creamy blue sub-porcellanous sandstone 
Sandstone and shales (ill seen) 
Massive white speckled grit 

d. 

Shales and sandstones in from 6- to 18-incli beds 
Massive greenish grey sandstone 
Shales with a few thin sandstone beds 
Shales with a few thick beds of sandstone 
Sandstone with a few shaly partings 
Very massive blue and grey sandstone 

17 0 

10 G 

6 9 

188 0 

34 0 

4 6 

63 0 

6 0 

68 0 

3 0 

21 0 

102 0 

102 0 

34 0 

21 0 

3 0 

5 0 

25 0 

129 0 

25 0 

43 0 

12 0 

61 0 

21 0 

129 0 

45 0 

6 0 

215 0 

11 0 

475 0 

4 0 

172 0 

475 0 

43 0 

62 0 

1,364 6 

2,728 9 
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Brought forward ... 2,728 9 

Dark harsh shales and dark thin bedded grey sandstones, none over 
4 inches in thickness ... 154 0 

Massive argillaceous sandstone 6 0 
Dark harsh shale and sandstones (as above) 319 0 

Do. but thicker bedded 25 0 
Do. but thinner bedded (as above) 129 0 

Shales and sandstones 344 0 
- 976 O 

/. 
Pale massive sandstones gritty and in places finely conglomeratic 103 0 
Pale sandstones gritty, grey and creamy and thin bedded ... 12 0 

Do. very massive 6 0 
Hard grey sandstone 26 0 

-147 0 

Total ... 3,851 9 

At or near this point the junction of the nummulitics seems to come in, but this is not 

very clear, and it may he in reality a few hundred feet higher. A measured thickness of 

nummulitics now offers of 1,810 feet. 
followed by an estimated section of ... ... 2,307 „ 

or fully 4,000 feet of nummulitics ... 4,117 feet. 

The following epitomises this section :— 

Ascending. Ft. In. 
Lower * axials’ (shales, &c.) seen, more than 300 0 

a.—Cardita (?) shales ... 110 0 
b.—Limestone shales, &c. 33 3 

Upper ‘ axials.’ c—Freckled grits, &c.... ... 1,364 6 
d.—Shales and sandstones ... 1,221 0 
e.— Do. do. 976 o 
f.—Sandstones and conglomerates 147 0 

3,851 9 

The Nummulitic section I shall give elsewhere, but as the upper beds of the group 

are not represented in it, the entire thickness of this group cannot be safelj' placed at less 

than 6,500 feet, and as the lower axials are, I think, thicker than the upper, 8,500 will 

hardly he an overestimate for that group, giving a total thickness of about 15,000 feet of 

beds throughout which fossils are so rare as to be practically of no use in sub-dividing so 

unmanageable a mass of strata or correlating even neighbouring sections. In spite of 

these drawbacks, however, the above section is valuable from the great thickness of beds 

exhibited without any reversal^ of dip, and by its seeming to embrace the greater part 

* My colleague, Mr. Fedden, in noticing this section, speaks of “ something very like a fault/’ but his account is 
too meagre to be of much use in fixing the spot, and his section only embraces 800 feet of beds in all. He also speaks 
ol the beds “ rolling and dipping in various directions,” which, I consider, conveys an inaccurate idea, if 
thereby auy reversal of dip is implied, and again where he continues “doubtless these are a repetition of the 
former beds.” It is true that the great thickness of beds here seen dipping with very general regularity, a little 
troubled in places, but nowhere reversed, would suggest the idea of faulted repetition of the same beds, but there 
is nothing in the beds themselves to countenance this. L do not think there are auy faults cutting through the hods 
of the section given by me, and they alone could aft'eet the question. Reversal of dip there is none also, and there 

only remains the question of obliquely folded beds. For this the group seems to me too thick. It is possible to 
conceive such a cause for the excessive thickness here displayed by some of the groups of shales, hut then they appear 
to be in perfect sequence with beds which certainly have not been thus folded, such as the characteristic white 
speckled grits. It will be noticed that I have grouped the section into divisions; now, each division taken by itself 
presents a certain uuiforunty of facies and type, which in some instances might possibly result from the excessive 
plication of a comparatively small group of beds, but where these large groups of varied character follow one another, 
such a supposition is no longer tenable, and the only result is the conclusion that the entire section is a bond Jide 

display of thickness,—a conclusion borne out by our knowledge and observation of the entire group elsewhere. 
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of the upper divisions of the axials, which is better defined than the other by the mineral 

peculiarities and appearance of some of its beds. 

The section commences in what I have termed the ‘ lower axials,’ an arbitrary division, 

but useful in dealing with so vast a group. Those lower beds are entirely unfossiliferous 

as far as my knowledge extends, excepting perhaps obscure carbonaceous markings, or what 

may be annelid tracks, in some of the shales; at the same time, however, I cannot but 

think that they may yield some organic remains when more closely studied, and perhaps 

their lower beds brought to light, for at present I am ignorant of what constitutes the base 

of this group. They consist of shales and sandstones devoid of anj' marked character or 

distinctive beds and usually more or less harsh and indurated. The shales are mostly dark, 

grey, harsh, and meagre and comminuted or splintery from the pressure they have been 

subjected to; and it is along lines of crushing and faults, brine springs seem to rise 

accompanied often by an increased amount of induration of the beds in the neighbour¬ 

hood. I cannot offer any estimate of the thickness of this division, but as it is nowhere cut 

through on any of the heavy sections in the Arakan range, its thickness must surpass 

that of the upper division, so that between 4,000 and 5,000 feet may be provisionally 

adopted. 

The bed, or rather group of beds, which I have made the base of the upper division of 

the axials, has the advantage of affording what few fossils have hitherto been noticed in 

them, and of containing a limestone which serves over a great stretch of country as an 

unfailing indication of a particular horizon, whereby we are greatly aided in determining 

the relations of other beds also. Many other beds of this division likewise are very well- 

marked lithologically, so that where the limestone is not seen, we are still able to recognize 

the upper axials from some of these beds. Such, for instance, arc the white speckled grits 

and pale or creamy sub-poreellanous grits and conglomerates, which form a strong contrast 

to any rocks either below them or in the upper or mimnmlitie group against which they 

occur. At the base of the upper gi-oup (just below the mouth of the Tliayet stream in the 

Illowa section) lies a considerable bed of dark shales, massive and arenaceous, characterised 

by a CanUla (?) which occurs in it rather plentifully, not unfrecprently both valves being 

united. A few small and not well preserved gastropoda also occur, but the prevailing and 

characteristic fossil is the Cardita ; a little above this occurs the limestone above referred to. 

It is here a rubbly rock mingled with conglomerate and shale, and forming a sort of com¬ 

posite bed, part limestone and part conglomerate and shale. From this spot (Illowa stream) 

1 extracted the first Eehinoderm, and here I could find no other specimens; elsewhere, 

however, where the limestone was better developed, the species was not rare. Where well- 

developed this limestone is a homogeneous fine-grained rock, with a COnchoidal fracture, and 

usually of some pale, or dark grey, or bluish, hue. In some spots (as south of tNhttoung in 

feeders of the Thannee Cheung) it occurs of various shades of pink and yellow, and 1 have noticed 

it converted into a coarsely crystalline white marble. In the Illowa section I only noticed one 

bed of this rock, but to the south several minor beds seem to be developed about this horizon, 

whilst the bed in question itself assumes more important proportions.* This limestone can 

be traced at intervals along the outer or eastern edge of the group as far as it has been 

examined. Commencing near the frontier, loose blocks occur in the stream near Kondaingzu, 

though I did not detect the outcrop. It is again met with near the Makton about one 

* After the experience of the axial group acquired during the past season's work, 1 think there is little doubt 
that the Gwa limestone and associated conglomerate aud much of the other limestone towards the southern extremity 
of the range will prove identical with this bed. This will be interesting, though its occurrence on the western slopes 
of the range materially diminishes the probability of our perfecting our knowledge of the lower portion of the group, 
as it would seem to indicate that the whule range forms a sort of huge anticlinal in its ensemble, und that the base 
of this group is nowhere exposed. 
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mile north-west of Lepangaing where it seems to strike west-south-west. Three miles 

north-east of this spot is a large patch of limestone forming a low ridge, and two and 

a half miles south of the first locality is another large mass forming the summit of a hill. 

The relations of this limestone are not seen, but the ascent to it lies over typical upper 

axial grits and shales with a high dip east-by-north to east-north-east. These three out¬ 

crops are, I think, all disconnected portions of the same bed, the great disturbance of the 

beds hereabouts being probably produced by the presence of the groat serpentine mass of 

Bidoung hill six miles to the north-west. 

Six and a half miles south of Lepangaing, the limestone is again seen in the section 

above given, where it appears to he unusually thin and poorly developed, but thickens 

again to the south in the Pemyouk stream and on the ascent to Shue-doung, and in two 

or three places in the Made (Mudday) stream where it is much disturbed. 

(North of Nattoung, and about one and a half mile south-west from Thabiegaing, a 

limestone is seen on the crest of a low hill, very similar to, though differing from, any of the. 

beds in the neighbouring series. From this spot I obtained a single ill-preserved valve of 

a Jlalobia, which is very closely allied to, if not identical with, Halobia lommeli, as deter¬ 

mined by Dr. Stoliczka. This would indicate a triassie age for the rock in which it occurs, 

hut the relations of this could not he satisfactorily traced.) 

Still going south, the limestones referred to above occur at intervals, and display 

a distinct tendency to approach the boundary of the group. At one and a half mile south- 

south-east of Nioung-jadouk, it occurs on a hill top very close to the boundary, and still 

closer to it, above the village of Quienhla (Kwenghla) five miles west-south-west of Akouk- 

toung. In a word, as wo proceed south, the Nummulitic boundary outs back into the axial 

group, until a little below the parallel of Akonktoung the great and characteristic series of 

upper axials has almost entirely disappeared, very gradually certainly, from the oblique angle 

at which the boundary intersects the strike of the beds. The complete elision of this upper 

group to the south is well soon at Chinuagi (Kyeng-yua-gyco) three miles south-by-west 

from Quienhla. The stream above Chinuagi seems to display mostly shales of the lower 

group, and just south of the village in the bed of the stream highly altered sandstones come 

in of the usual harsh character of so many beds belonging to this portion of the group. 

Not thirty yards below them comes in quite unaltered a calcareous sandstone profusely 

charged with Nummulites. The boundary is here fixed within a few yards and strikes 

through the centre of Chinuagi village, and at this point would seem to completely cut out 

the whole upper group. 

Above the limestone occurs an enormous series of sandstones and shales, which in the 

section previously given, I haye sub-divided into small groups. The lowest of these (c) is 

over 1,300 feet in thickness, and contains a number of very characteristic beds, such as white 

freckled grits* and conglomerates, not usually very coarse, though nowand then coarse beds, 

almost breccias, are seen, and cream-colored argillaceous sandstones sub-poreeilanous, and 

sometimes offering a ‘lithographic’ look. Small white quartz pebbles abound in the liner 

conglomerates, but the coarser conglomerates are mainly composed of fragments of argilla¬ 

ceous subschistoso rocks which suggest the idea of their derivation from beds of the lower 

group. The coarsest bods I anywhere noticed occur in the Shu (Shoo) Ohoung above 

* My colldnKua, Jlr. Kedden, in describin'- these rocks in the Made valley, on the ascent lo Shuedoung and 
elsewhere, lian given emphasis to this peculiar charaotefid' while specie ling in some of these, beds by terming’ them 
‘a porphyry or altered grit.’ The term “porphyry” is of course inadmissible, though the beds often greatly 
resemble a porphyritic trachyte, and it is clearly to their external aspect only that Mr. Fedden refers when using 
the term. 
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Sabatan. In the lower part of the Shu an enormous thickness of beds is fairly exposed, 

but greatly disturbed and faulted ; hence the junction of the Axial and Nummulitic group 

is not clear. Higher up the stream the dip is more regular, varying from north-east by east 

to east-north-east, but always high. Some of the sandstones are hard and have strings of 

quartz pebbles irregularly disseminated through them, and sometimes the pebbles constitute 

bands through the rock. In one instance I noticed a quartz boulder in one of these conglo¬ 

meratic sandstones, 0 inches in length, among the finer constituents, but such a case is rare. 

Some of the coarser beds, however, on this stream tax my power of describing adequately. 

The most remarkable was a little below a spot where a wall of rock makes the channel 

almost impassable, a sandstone, with here and there huge angular schistose fragments 

embedded in it. I satisfied myself that the fragments were really derivative and not the 

result of any segregative process in the rock itself. Some of these angular pieces very little 

worn by attrition were more than a cubic foot in content. I have not noticed any 

similar bed elsewhere, and it is probably local as respects the peculiarity of its included 

fragments. The general variety of coarse conglomerate is that of a rock mainly composed 

of partially rounded or well-rounded fragments with very little matrix, in some instances 

verging on a breccia in aspect and origin, but these beds are local and exceptional, though 

perhaps belonging to the upper group and characteristic of it. 

Above the last group (c) occurs a vast thickness of beds which I have sub-divided into 

three groups (d, e,f), all of which occur in uninterrupted sequence, hut each possessing a certain 

appearance which distinguishes it from the other. In the aggregate the thickness of these 

groups is over 2,300 feet. But though it is tolerably certain that the whole of these belong to 

the Axial group, it is not equally certain that none of the beds included in the Nummnlitics 

do not belong to the former group, as from their disturbed condition the beds themselves 

do not give very precise ground for drawing the line between the groups with exactness. 

I shall now pass to the consideration of the imposing hill of Shuedoung at the head of 

the lllowa valley, returning to the remainder of the Hlowa section when describing the 

Nummulitic group. 

Shuedoung or Shuaylounggyee, situated fourteen miles south-west from Mendoon, is one 

of the most conspicuous and picturesque hills in Pegu, not so much from its actual height as 

from the abrupt way in which it rises from among the lower hills which encircle it, and from 

the exceedingly rugged and precipitous character of its outlines. 

It is situated between the sources of the lllowa and Pemyouk streams, and marks a 

remarkable change in the Arakan range, of which in some respects it is the culminant peak. 

Instead, however, of the range continuing its course northward past Shuedoung, it here 

takes a sharp sigmoid curve to the westward, before again trending north ; giving thereby 

the appearance to Shuedoung of standing out from the inaifi range like a promontory round 

which the sources of the Hlowa wind, so that the drainage pertaining to the Pegu side of 

the mountain, received by the Hlowa and Pemyouk streams, represents an arc of no less 

than 300 degrees at least, with the hill as a centre. The hill itself is a ridge of ‘ axial’ shales 

and grits, much indurated and culminating in a serrated cluster of rugged pinnacles. The 

prevailing strike of the ridge corresponds with the normal strike of the axials, and is about 

north-north-west, and viewed from the north the bedded structure of the rocks composing 

the hill is plainly perceptible, but from an easterly view the hill presents all the appearance 

of being composed of some granitic mass, so sharply curved and defiant are its tor-like crags. 

The ascent is effected over two long spurs, one to the north, running down into the Hlowa 

stream, the other to the south into the Pemyouk, ray colleague selecting the latter whilst 

I ascended by the former route. From my colleague's account of his ascent from the south, 

it is abundantly clear that the beds on that side are higher in the series than those on the 
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other, and that a local change in the direction of the beds has occurred, as his account reveals, 

circumstantially enough, the characteristic beds of the upper axials, whilst to the north these 

beds are replaced by shales of the lower group. A great deal of disturbance here occurs, 

resulting no doubt from the sharp bend and dislocation as regards its general bearing which 

the range has here undergone, but the mineral character of the rocks sufficiently indicate 

their general relations. On the south side, my colleague records, ‘shales, and a bed of 

argillaceous impure limestone,’ also ‘fine grained speckly white, and green, rock,’ and 

on the summit a porpkyritic or altered grit. On the ascent from the north by the Hlowa 

stream, we find none of these beds, wliicb, however, are seen in the Hlowa, lower down where 

my section is taken, but in their place at the point where we quit the stream bed, indurated 

shales, dark and harsh, such as mark the lower group. Higher up the ascent, softer shales are 

passed over, and at the highest point gained by me, a sort of ridge running down from and in 

the line of strike of the northern extremity of the hill, indurated grits not very well 

characterised. There was throughout these beds a somewhat notable scarcity of quartz 

veins, which, in such a focus of disturbance, I should have expected to find more developed. 

My colleague found serpentine in profusion, hut on the Hlowa spur there was none except¬ 

ing a very insignificant patch, like a dying out vein, on the summit. No trace of serpentine 

is seen in the Hlowa where the ascent commences, so that no considerable development 

of this rock occurs on the northern flanks of the hill, how common soever to the south; and 

this distribution of the serpentine tallies with many observations elsewhere, that the serpen¬ 

tine seems to affect a certain geological horizon, namely, that of the upper axials, but 

occupying a low position in them. It would convey an erroneous view to describe Shnedoung 

as the culmination of the line of serpentine outbursts running up from the south- 

south-east, since, waiving the remark that Shnedoung is not a serpentine outburst at 

all, I would observe that though Shnedoung may be described as a somewhat abnormal 

culminating peak of the Arakan range, yet it, from that very fact, does not lie within 

the ‘ line of serpentine outbursts’ properly so called, which generally occur within the 

outer ranges. Serpentine occurs in Shuedoung, and this is the only instance yet known to 

me of that rock occurring on the actual watershed of the range, the line of serpentine out¬ 

bursts usually traversing the outer hills. This deviation from its usual position in the 

hills seems accounted for in part by the fact before alluded to, that it seems to follow not so 

much a geographical zone of country as a certain geological horizon. This horizon, a low 

one in the upper axials, very exceptionally crosses Shuedoung; the main range more usually 

being solely composed of beds far lower in the series; hence, the presence of serpentine on 

Shuedoung is not at variance with its relations elsewhere to the surrounding rocks, though 

not on the ‘line of serpentine outbursts,’ (if we generalize these phenomena,) the general 

strike of which line corresponds with the general strike of the adjoining beds. 

In strong contrast with the Hlowa section is that seen along the lino of the Arakan 

road. The breadth of the axial group at Shuedoung is barely seven miles, and most of the 

beds on this line belong to the upper division of the group. At Thabie Sukan on the Arakan 

road, the breadth of the group is over 20 miles, of which not a fifth belongs to the upper 

division. Here then, we might expect a fine section of the lower group, but the value of this 

section is inversely in proportion to the length of ground it covers, and we see great com¬ 

plexity of dip and undulations of strata without the instructive section displayed in the 

Hlowa. In addition to which must be added the absence of any fossiliferous bed or marked 

mineral group in those lower axials to enable us to divide or classify them. 

I will here describe the mode of occurrence of the serpentine and its relation to 

the rocks I am now treating of. Serpentine, though widely distributed, nowhere occurs in 

patches of very large extent, if we perhaps except the Bidoung hill. It occurs in 

two ways, which may be conveniently considered separately (though perhaps the main 
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distinction between them is merely one of degree) that is, in detached outbursts assuming 

the proportions of low hills, and as veins or dykes traversing the ‘ axial’ strata. The most 

important development of this rock, throughout the country north of the parallel of 

Akouktoung, is the Bidoung hill, five miles south by east of Pathi. This serpentine area is 

five miles in length by from two to two and a half in breadth and is divided by the Mahton : 

Bidoung standing on ike west side, faced on the east by a hill of hardly less height. 

These two hills indicate the great bulk of the seipentine along an axis stretching north 

by east, but from the easterly hill a small range runs nearly due south impinging on the 

Mahton at Keinggye, though the serpentine stops just short and is not seen here in the river. 

This most important development of serpentine illustrates the remark I have before made 

of that rock affecting the outer rather than the central hills. Descending the Mahton from 

tht north, Bidoung bill is seen straight ahead of the river channel, and so distinctly is the 

bulk of Bidoung dissociated from the spurs of the main range, that without reference to 

the map. it is doubtful which side of the hill the Mahton is about to flow, hilt, on reaching 

the hill it flows round its east flank through one of the prettiest gorges conceivable. The 

character of the rock is proclaimed by the stunted vegetation covering it, but where 

cracks have allowed the retention of moisture, trees, especially the Tliitsi (Mdanorrluea 

nsitatissimn), have taken hold, favored of course by the generally cooler and moister air of 

the country close to the densely wooded main range. Larg'e surfaces of rock, however, are ab¬ 

solutely and in the most literal sense bare of all verdure and impart a distinctive character 

which, once seen, cannot be mistaken. I have already remarked on the metamorphism de¬ 

veloped among the ‘axials’ on the flanks of Bidoung, but the intrusion of this mass of 

seipentine seems to have produced oven a greater mechanical result, in the deflection of the 

axial boundary here to the eastward. The boundary is not perhaps so sharply defined as 

in some spots, but I regard the channel of the Moo sti-eam as very neai'ly coinciding with 

it, or in fact resulting from it. South of Lepangain, too, the boundary seems to find 

physical expression in the conformation of the surface, hut for a few miles east of Lepan¬ 

gain the boundary is obscure, and few rocks are seen through the jungly undulating country 

which intervenes. The fact of the general outward deflection of the boundary is not, 

however, in the main aifeeted by a little ambiguity in detail, and the curve so corresponds 

to the great mass of Bidoung serpentine, that taken together with the excessively disturbed 

condition of the rocks hereabouts, we are forced to regard the cause of these appearances 

as nothing more nor less than the mechanical intrusion of that hill mass. 

The next considerable development of serpentine occurs as a low narrow ridge of 

some three miles in length intersected by the Made stream, and situated on the j unction of 

the axial and nummulitie groups. This ridge, which must often he less than the third of a 

mile in breadth, seems as though it were a huge dyke or wall of rock occupying at this 

spot the boundary itself. Above it very considerable disturbance exists among the axials, and 

enormous masses of the limestone are seen in the bed of the stream, much aifeeted both 

chemically and mechanically. This action is not so well, if at alt, noticed in the nummulitie 

group, and whereas the upper axials are repeatedly seen thus altered, 1 do not remember any 

similar amount of metamorphism in the nummulitie group, though here it is contiguous to a 

very considerable mass of serpentine which has characteristically affected the lower group. 

The next considerable mass of serpentine is that which constitutes Nattoung a pro¬ 

minent hill between the Made and Tkanni streams. The rock here rises into two peaks, 

that of Skiubaian to the north-west and the somewhat higher one of Nattoung to the south¬ 

east, giving a length of about three and a half miles in its long axis. 

Two miles west of Laidi on the Thanni channel occur two small patches of serpentine 

forming the twin peaks of Tkitsidoung and Hnordoung. These patches are separated by 
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‘ axial’ strata, but midway between them like a link is a very minute patch of serpentine 

of a few yards in diameter, probably a dyke. Thitsi hill is in fact a miniature of Nattoung, 

as Nattoung is of Bidoung, and no other similar outbursts are known to me within the area 

under review. All the pther localities seem to fall under the category of veins subordinate 

to the axials they traverse, but be they all connected or not, the rock throughout is one 

and the same whether occurring in veins or developed in masses like Bidoung. Serpentine 

veins are far from infrequent in the upper axial zone, and I rather think they are confined 

to it, or to within a short distance of it. Certain it is that I can recall no instance of their 

occurrence in the older division of the group, or where the upper group is not present like¬ 

wise. The horizon indeed which these veins seem to affect is one near the bottom of the 

upper axials, and we are pretty certain to find the characteristic limestone of this division 

not very far from the outcrop of serpentine. The limestone is frequently altered and some¬ 

times only occurs sparingly, but it is usually to be seen, or some other of the equally 

characteristic beds of this horizon. The veins are always small and usually associated 

with a species of steatite from which the Burmese manufacture pencils for writing on black 

hoards. I cannot affirm that this steatito is always associated with serpentine, but such 

is the case usually. This steatite is called ‘ kangri and is largely imported from Upper 

Burmah. There are, however, numerous places in Western Prome where it occurs and where 

it is extracted for local use. It usually occurs in small pieces lying loose in the decaying 

rock and not commonly in pieces larger than a hen’s egg. It occurs in shale (and also far 

to the south, as noticed in a previous report, in sandstone) and appears to be the result of 

a segregative metamorphism. It is not an intrusive rock or mineral and yet its com¬ 

ponent atoms must have enjoyed complete mobility, and its formation seems due to the 

re-arrangement of the constituents of certain beds of the axial group, through an influence 

which may have resulted from the presence of serpentine veins in the vicinity, for there 

seems a decided connexion between the two. 

A curious variety of this rock is sometimes seen closely simulating a conglomerate. 

Ihe dark steatito occurs in various sized nodules or amygdala, from the size of a 

hemp-seed or less to that of a small egg. These nodules are smooth and burnished and 

impacted in a matrix of white fibrous quartz, in just sufficient quantity to separate 

the nodules of steatite, hut still forming a very inconsiderable proportion of the rock. 

Excellent samples of this variety occur on Shinbaian bill, and here I could detect no 

instance of the steatite enveloping any portion of quartz, hut where the two minerals are 

more equally proportioned I believe either indifferently envelopes the other. The mineral 

occurs of various tints from pale grey to black, the paler varieties being esteemed the 

purest and most suitable for writing. The very dark varieties approach a shale in character, 

and may he regarded as peculiarly altered shale: some pieces display very distinct fissures 

or shrinkage cracks, and all the appearance of having been once in a plastic state. 

At Shinbaian hill just on the flanks of the serpentine, or before that rock is quite 

reached, a considerable quantity of the above varieties is developed on the hill side and 

also a more massive or compact variety than is usually seen. This variety occurred in 

regular strata of from 6 inches to a foot in thickness, but unequally developed. The more 

massive portions broke with a clean but earthy fracture, and dull surface, and much resembled 

in general appearance a claystoue; but this dull variety passes into the ordinary sort with 

highly lustrous surface planes and the quasi foliated structure as seen in pure spermaceti; 

and the association of the two suggests that the latter merely consists ot the finer portions 

eliminated by segregation from the other. The common shape for the finer sort to sponta¬ 

neously break up into or arrange itself is that of rudely amygdaloidal pieces, with curved 

ends, either the result of pressure, or of some modified form of crystallization. The highly 
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burnished surfaces which traverse the rock might seem to indicate the former cause and 

in appearance certainly resemble the ‘ slieken sides’ in a coal shale, but the peculiar arrange¬ 

ment of the steatite amygdala and their enveloping layers of quartz strongly contra indicates 

this idea, as there is no crushing or subsequent re-cementing of these brittle quartz layers, as 

would be seen if the burnished surface of the included nodules were due to pressure. Pres¬ 

sure has then nothing to do with the production of the smooth surfaces traversing the finer 

sorts of the steatite and displayed on the surface of its nodules, and the phenomenon is due 

to some peculiar form of segregative action whereby the nodules themselves originated from 

the finer portions of the adjacent rock. I think I am warranted in regarding this stea¬ 

tite as a mineral species, although it sometimes exhibits a passage into a form to which that 

term might he less applicable. Some of the largest lumps of the compactor variety of the 

mineral are pale grey distinctly tinged with pale yellowish or leek-green, or perhaps rather 

green than grey, lustre rather waxy, and decidedly tough, especially in a direction across 

the polished foliation planes which are rarely absent in the mass. 

The serpentine is everywhere very uniform in appearance, but in some spots, as west 

of La.idi, a rock is associated with it like an ordinary greenstone. I think it not quite 

certain that this rock is not an altered one, or if not a bedded rock or shale altered, I should 

regard it as a variety of serpentine produced by the reaction of the bedded rocks on it; 

my reason for so judging being the trifling and insignificant development of it, its obscure 

relations and the unlikelihood of a mere patch of rock of this character appearing here and 

there in the merest indications, if not a part of, and subordinate to, the general serpentine 

effusion in the neighbourhood. Nowhere else does this trap rock appear as an inde¬ 

pendent formation, but merely here as a very feebly developed satellite of the widely diffused 

Serpentine. 

Sketch of Geological structttbe of the Southern Konkan, by C. J. Wilkinson, 

Esq., late of the Geological Survey of India. 

The South Konkan is in its northern part composed of trap rocks, covered to a varying 

distance from the sea by laterite. Where the latter rock is present it gives a monotonous 

aspect to the country, forming an undulating and in some places quite flat plateau, the sur¬ 

face of which is a sheet of rock, black and slag-like externally. This laterite plateau, which 

has a general elevation of between two and three hundred feet, has a bare black appearance, 

supporting no vegetation, except scanty grass and stunted trees here and there. There are 

places where the rock has been denuded, and here owing to the presence of thicker soil, the 

ground can he cultivated. 

It is cut through by numerous rivers, the largest of which rise in the ghats, and after 

(lowing through comparatively open trap country, enter the laterite through deep ravines, 

which widen towards the sea, the rivers becoming broad tidal creeks. In these ravines, 

along the banks of the rivers, villages are generally situated, and every available spot of 

the rich alluvial soil is cultivated for the production of rice and other grain. At the sea 

coast the laterite forms bluff cliffs, in the lower part of which trap is disclosed. 

At Rutnagherry, &c„ in well and other sections, the trap is found to be overlaid by a 

thickness of a few feet of white clay, imbedding fruits and containing thin carbonaceous 

seams composed for the most part of leaves. This is separated from the soft laterite above 

by a ferruginous hand about an inch thick, having much the appearance of Haematite. It 
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is vesicular, the cavities being filled by quartz, &c. The soft laterite soil above hardens on 

exposure and this rapidly. It is very thick here and along the sea coast, trap only becoming 

disclosed in the deep sections and at the base of the cliffs. In proceeding inland, however, 

it is found higher up in the hills, which seems to show that it has a westerly dip, though it 

is very difficult to determine the amount, as all the sections are so covered by the detritus 

from the laterite. East of Rutnagherry, the latter rock extends for about, fifteen or twenty 

miles; beyond this the trap hills are more irregular in outline and increase gradually in 

height towards the ghats. The eastern boundary of the laterite runs west of Lanje in a 

south-east direction, passing east of Iiajapur to IChareputtun. South of the latter place its 

direction has been more correctly determined. 

About Phonda it is found nearer to the ghats than in other places, it then bears to 

the south-west, meeting low trap hills which run out from the ghats at the north of the 

Sawunt Waree state. The lower beds of this pass under it about half way between the ghats 

and the sea. South of this the width of the formation becomes much less, and it extends 

as a hand ten or fifteen miles wide along the western boundary of the state and in the 

narrow strip of British territory by Yingorla, &c. 

It occurs in great quantity in the Goa territory. In speaking of the laterite boundary, 

I refer to that of the plateau which has a very constant elevation, and consists, as I have 

mentioned, of a series of flat-topped or slightly undulating hills separated from one another 

by deep ravines, which have been excavated by the rivers which drain the country. 

There are numerous instances where this rock occurs farther east, forming patches which 

in many cases may he outliers of the great mass, though ofteuer occurring at a lower level, 

being the products of the denudation of the older laterite. These often have the appear¬ 

ance of true laterite, but are more generally found as gravel, sandstone, conglomerate, &c. 

The country east of the laterite boundary is more varied in aspect. The rivers rasing 

in the ghats run westward between lofty spurs for some miles, and then emerge into lower 

and more open country, which continues up to the scarped edge of the laterite hills. These 

spurs in the northern part of the district consist entirely of trap, the lines of flow of the 

beds in them being generally easily traceable, and merging at their eastern extremity into 

the main range of the ghats. These beds having been irregularly denuded, the result Is, 

that conical peaks have been left, which vary the otherwise even outline of the hills. These 

peaks are generally surmounted by a sharp black point of rock. A good example of this 

occurs iu a spur south of Phonda which runs out westward from the ghats. In the peaks 

on this, portions of a thick bed of black columnar basalt are seen, the bed of which these 

are outliers being very conspicuous in the ghats themselves. 

The metamorphies, &c., skirting the southern boundary of the trap are at a low level 

generally. The rock immediately under the trap is a white, yellow or pink altered sand¬ 

stone, associated with shales and lying unconformably on the older metamorphic rocks. 

The evidence tends to show that this sandstone formation was originally much thicker, 

hut it was much reduced by denudation before the outpouring of the trap, and this thinning 

has subsequently been carried on still further by other denudation affecting both it and 
the overlying rock. 

About Phonda and the country to the west, this sandstone (quartzite) is well seen, form¬ 

ing an open patch ot country about ten square miles in area and enclosed within the trap 

boundary, this rock with the exception of one or two isolated masses having been entirely 
denuded. 
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In the north-west corner of this sandstone area there is a group of hills, of which one, 

Salwa hill, is about eight or nine hundred feet high. The arrangement of the beds in the 

main mass of the hill is difficult to determine, as the sides are thickly covered with detritus 

Ghaut# bu Phond^y 

Sketch Section of Salwa and adjoining hills in Southern Konkan. 

and jungle, but at the western base shales generally associated with this sandstone occur, 

dipping slightly to the west and passing under the trap at its boundary, whilst the summit 

of the hill is formed by a thick bed of sandstone pink in colour, and either horizontal or 

perhaps with a very slight dip westward. There are other high hills or spurs on the edge 

of the ghats formed of sandstone lying on metamorphics which are partially disclosed 

and capped by the same thick bed of sandstone, here dipping eastward, the two portions 

of the beds on the respective hills being apparently the remains of a low anticlinal axis. 

The parts of these beds which intervened have been swept away, possibly before the trap 

covered up the country. The first flows of trap poured into the hollow's between the hills, 

for at the boundary of this patch of sandstone the trap is generally found at their bases. 

As the successive flows of trap surrounded them, the highest ones remained probably as 

islands in a sea of trap. Finally they became covered up by some of the higher beds, which 

are now only seen in the scarped sides of the ghats a few miles eastward. As I have 

mentioned, this trap with the exception of one or two patches, has since been denuded. The 

effects of denudation on the trap west of Salwa hill are rather curious, for side by side with 

this hill, their bases almost touching, is another hill quite conical in shape, and formed 

entirely of successive beds of trap. The two are nearly equal in height and present a strong 

contrast to each other, the trap hill conical in shape and almost devoid of vegetation with 

the lines of flow of the trap showing black and strong, and the sandstone hill, long, flat-topped 

and thickly wooded. 

The country south of this patcli of sandstone is covered by a band of trap about ten 

miles wide. The lowest beds of this are approximately at the same elevation as the laterite 

plateau to the west under which they pass, but there are lofty spurs running out on them 

formed of higher beds. When the trap passes under the laterite, it no longer influences 

the aspect of the country which is now a slightly undulating plateau intersected by deep 

ravines, in which trap, sandstone, and often the older metamorphics, are disclosed. 

The southernmost boundary of the trap bears in a direction west by south along the 

north side of the valley formed by the Usya Mut (or Kimkaoli) river. From Ramgurh it 

bears more north-west, and is found down to the sea at Kunkeshwar just south of 

Deogurh. 

In the Usya Mut valley, which is the northern boundary of the Sawunt Waree state, 

the older metamorphics are disclosed, and from this southward the denudation of the country 

before the outpouring of the trap appears to have removed most of the sandstone, which 

conceals the older metamorphics almost entirely more to the north. The metamorphics only 
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attain a very slight elevation about this part of the country, and outlying trap is found 

capping them to the south of the valley forming low comparatively flat-topped hills, varied 

by higher spurs to the cast of Kolsooli. This trap also becomes concealed under the laterite, 

south of Ivunkooli (Usya Mut), the edges of the bed (for it seems as if only one bed extended 

far) being seen in the scarped sides of the laterite hills not far from their summits. Still 

further south-west and extending almost to Malwun, outliers of trap are found overlying the 

metamorphics and under the laterite. 

South of the trap hills and spurs which are found in the northern part of the Sawunt 

Waree state, the metamorphio rocks attain a greater elevation, forming lofty spurs in the 

neighbourhood of the ghats. The earlier trap flows abutted against these hills, but it was 

only the higher beds which could have concealed their summits, and as you go south out¬ 

lying patches are still found capping the great metamorphie ridges, even as far westward 

as the town of Sawunt Waree, on the hills which surround that place. 

In the ghats the older rocks attain a greater and greater height, and are only covered 

by two or three beds of a very inconsiderable thickness. 

There is a curious example of outlying patches of the highest beds of the ghats in 

the shape of small slab-like masses of tap rock left on the most elevated parts of the spurs. 

These from their almost inaccessible position were long ago chosen as sites on which hill 

forts were constructed. They are generally separated from the ghats by a deep gorge. As 

examples of these forts in the Sawunt Waree state may be instanced those of Rangna, 

Monohur, Hummutgur, Pargurh, Suda, &c. 

The Sawunt Waree state is composed for the most part of metamorphie rocks, but there 

is at the northern part, as I have mentioned, a considerable quantity of trap, and on the west 

the narrow band of laterite. These with the ghats on the east form physical features 

which serve as a sort of natural boundary to the country. The great metamorphie spurs 

which run out west from under the mural termination of the Deccan trap at the ghats, 

extend to varying distances, and either end abruptly or break into clusters of lower 'hills. 

The intervening country is low and covered with thicker soil than is usually the case in the 

Konkan : this renders the Sawunt Waree state more open to cultivation than the barren 

laterite plateau to the west and north. 

The soil is obtained from the disintegration of the metamorphie rocks, and is light 

coloured and clayey, though fine sandy soil occurs as frequently, being derived from the 

quartzite and altered sandstone so abundant in the district. 

Along the alluvial banks of the rivers, rice is extensively cultivated during all the fine 

season, a system of irrigation being established by means of Persian wheels and other con¬ 

trivances. By these water is constantly raised from the beds of the rivers, and distributed 

by channels to the different plots of rice ground in the neighbourhood, these fields having 

been previously prepared. They consist of rich alluvial mud traversed by numerous little 

channels for the water, crossing each other at right angles. When the country cultivated 

is inclined at any angle, an arrangement of step-like embankments is constructed, each sur¬ 

rounded by a little mud parapet, a few inches high. The water after thoroughly saturating 

oue field is allowed to escape into the next below, through an orifice cut in the parapet. 

This system of irrigation is very generally made use of throughout the Konkan. 
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On the supposed occurrence of Native Antimony in the Straits Settlements, by 

T. Oldham, Supdt., Geological Survey of India. 

About tbe middle of December last, a specimen of a beautiful silvery metallic substance 

was forwarded to this office from the Home Department, with a request that it might be 

analysed and reported on. It was stated to have been discovered in the Straits Settlements, 

but no locality was given. 

On examination it proved to be Native Antimony, of great purity, yielding no trace of 

arsenic or of silver, and only a slight trace of iron and also of sulphur. This was reported to 

Government, and it was stated that if it occurred in any quantity, the discovery was a very 

valuable one. A nearly pure mineral like that forwarded would always command a market, 

and would realize about seventy-five pounds (£75) per ton in England. Enquiry was made 

as to the locality where found, &c., and a more recent letter from the Secretary to the Straits 

Government, states, “ that. it. was found on Pulo Obin or Ubin, an island lying at the east, end 

of Silat Tambran, the strait dividing Singapore from the mainland; that a careful search had 

been made, and a reward offered to any person finding more of the same, but that up to tbe 

present time (loth February 1871) no more had been discovered, and that, it seemed probable 

that the specimen received by the Government must have been introduced into the island 

from some other place as yet unknown.” 

Native Antimony also occurs in Borneo, Sarawak, &c. 

On the composition of a deposit in the boilers of Steam Engines at Ranigunj, 

by T. Oldham, Supdt., Geological Survey of India. 

During a recent, visit, to the Ranigunj collieries, I was struck with the amount and 

character of the deposit in some of the boilers of the Engines in use there : and was desirous 

of ascertaining the true composition. By the kindness of A. Stuart, Esq., the General Manager 

of the Bengal Coal Company, I obtained specimens. The specimen examined by Mr. Tween, 

Curator of the Geological Museum, was taken from the boiler at a deep pit near Ranigunj 

known as No. 36. The water, which feeds the boilers here, is all derived from the mine 

itself, passing from the pump heads through a filtering wall of fine sand, and received in a 

masonry tank, where a certain amount of fine matter is deposited on settling. This water, 

as it passes to the boilers, looks bright, clear and pure, has no taste, is hard, but not un¬ 

pleasant, and altogether looks clear good water. From its use, however, a large amount 

of deposit results. This is thrown down in a line almost impalpable powder, which, when 

dried in the air, is of a light ash-grey tint. Some of this was carefully dried by exposure 

for five hours at a temperature of 212° Ft., and the dried powder then analysed. 

It gave a percentage composition as follows :— 

Water ... ... ... ... ... ... 72 
Organic matter ... ... ... ... ... 2‘1 

Insoluble clay ... ... ... ... ... 8’8 
Iron and alumina ... ... ... ... ... 1*23 
Carbonate of lime ... ... ... ... ... 47‘67 

„ of magnesia ... ... ... ... 33 00 

100-00 

This shows that the deposit consists chiefly of carbonates of lime and magnesia, which, 

doubtless, have been taken up from the calcareous and dolomitic sandstones, so frequent 

in the upper series of the Ranigunj field, by the surface water when passing through 

these rocks to the bottom of the mine. 

The organic matter showed as a slim}- dark substance separated on the filtering paper. 
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As the water comes from the mines, the principal apparent impurities are minute 

particles of coal-dust, and shale mechanically mixed with it, while it is certain that a 

portion, at least, of the iron will have been derived from the rusting- of the pumps, &c. But 

it will be seen that more than three-fourths of the whole consists of the carbonates of 

lime and of magnesia held in solution in the water. 

Note on the plant-bearing sandstones of the Godavery valley, on the south¬ 

ern EXTENSION OF ROCKS BELONGING TO THE KaMTHI GROUP TO THE NEIGHBOUR¬ 

HOOD op Elloke AND Ua.J A MAN DR I, AND on the possible occurrence of coal 

in the same direction, by William T. Blanford, Deputy Superintendent, 

Geological Survey, India. 

Recent explorations in the Godavery valley below Sironeha, and in parts of the adjoin¬ 

ing country, have enabled me to ascertain that a very large area is occupied by represent¬ 

atives of the various formations which have been described in Bengal and the Central Pro¬ 

vinces under the names of Panchet, Damuda, and Talehir. The occurrence of sandstone 

in the bed of the Godavery and along its banks throughout a large portion of the river’s 

course below Sironeha was, I believe, first made known by Mr. Wall in the Madras Journal 

of Literature and Science, New Series, Yol. II. It now appears that sedimentary beds 

belonging to the Damuda group and its associates extend, apparently without a single 

break* from the neighbourhood of Mangli and Phi/.dura, 34- miles in a direct line north-north- 

west of Chanda, to Lingiila on the Godavery, just above the top of the first harrier and 14 miles 

above Duimgudiam, or throughout a distance of 200 miles. A break then occurs which 

exteuds along the river for about 25 miles. The sandstones re-appear at Raigudiam, about 

6 miles below Bhadrachallam, and thence continue along the south or right hank of the 

river with one brief interruption for about 15 miles, terminating a little below the village 

of Madavaram. These beds, as will presently he shown, extend far to the southwards. 

Metamorphic and Vindbyan rocks occupy the lied of the river at the second and third 

barriers and for some miles below them, the remaining portion of the Pranhita and Godavery 

are in the soft sandstones and the associated beds, and at both barriers a continuous belt of 

the later sedimentary formations on the right bank of the river, though at a distance from 

its course, unites the areas occupied by the same rocks in the river’s bed. 

Throughout the whole valley of the Pranhita and Godaveryf below the third barrier 

at the spot where the Wardlia and Wainganga unite to form the first named stream, the area 

occupied lay'- the plant-bearing sandstones on the left (north and east) bank of the river is but 

trifling, whilst from the right bank these beds extend for a great, but hitherto unascertained, 

distance into the little known tracts of the Nizam’s territories belonging to the Ramghir and 

Kamarmet Sircars, and perhaps into Warangal. 

In the same manner the sandstones below Bhadrachallam occupy an area not exceeding 

8 or 10 square miles north of the Godavery, while to the south they cover a tract of country 

25 miles in breadth from east to west near the river, and gradually becoming broader till 

it is at least 50 miles across. It exteuds from the Godavery near Bhadrachallam till it is lost, 

60 miles further to the south, beneath the coast alluvium in the neighbourhood of Ellore. 

To the south-east it stretches nearly to Rajamandri, extending to the banks of the Godavery 

* This cannot be Btated positively as yet, some portions of the ground not having been examined. But no 

break exists exceeding a very few miles in extent, 

t The valley of the Godavery proper above the junction of the Pranhita is geologically almost unknown. 

It is only certain that the greater portion consists of trap. 
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near Polavaram, below the great gorge in the metamorpkic rocks through which the 

river runs. At Pangadi near Rajamandri the sandstones are covered up by the bedded 

dolerites of the Deccan trap, just as, 300 miles iu a direct line to the north-west, the same 

sandstones, in the districts of Chanda and South-east Berar, disappear beneath the same 

traps on the eastern verge of the great basaltic area of the Deccan. 

The proportion of the enormous extent of sedimentary rocks in the valley of the 

Godavery and its neighbourhood, which is occupied by the valuable coal-bearing beds of 

the Damuda group, appears, so far as research has hitherto extended, to be extremely small. 

Here and there along the boundary of the sandstone tract, beds are found with the mineral 

character of the Barakar group of Bengal. Such is the case near Chanda, and the same 

beds occur at Lingula, above the first barrier, and at Madavaram below it; and in each 

case where these rocks have been observed, coal beds, sometimes of little or no value it is 

true, have been found associated with them. It is highly probable that further examination 

will show the presence of theso valuable beds in several places where they have not hitherto 

been detected, but the search is difficult, because the surface of the country in which the 

sandstones are found is greatly concealed by a thick covering of sandy clay and sand, 

derived from the disintegration of the soft argillaceous sandstones. 

The lower Panohcls of Bengal, to which the name Panchet should perhaps he restricted, 

appear to be represented by rocks of similar mineral character in the Godavery valley, 

but further examination of these beds is necessary in order to determine their position 

in the series and their relations to the limestones containing fish remains, which are met 

with in several places near Sironeha. 

The Talchirs, at the base of the great series, precisely resemble their representatives 

elsewhere, but the unconformity between them and the Damudas appears to be greater 

than usual. 

These formations, the Barakars, Pauckcts, and Talchirs, together do not take up a 

tenth part of the area occupied by the sandstones. The great hulk of these consist of 

coarse argillaceous sandstones and grits of no very marked character, with hard ferruginous 

hands. The few fossils found in them, chiefly Vertebmria, Catamites, and Glossopteris, 

are identical with Damuda forms, but the mineral character of the beds taken as a whole 

is always slightly and sometimes remarkably different from that of any true Damuda beds, 

as found elsewhere, while the fossil plants seem to preclude the idea of associating these 

rocks with the Pan diets, the flora of which, so far as it is known, is very different. One 

of the most striking distinctions between these bods and the Damudas proper is the absence 

of coal and of any carbonaceous matter in the former, even the plant remains having 

lost their carbon and existing as mere impressions. It appears, therefore, desirable, both 

for scientific and economic reasons, to apply a distinctive term to these beds, restricting 

the name Damuda to the group or groups which usually contain coal. For these reasons, 

1 proposed some years since the name of K&rnthi beds for some rocks near Nagpur which 

belong to this group. The name has since come into more general use on the Survey, and 

it has become necessary briefly to repeat the reasons for first adopting it. The Kamthi 

group is intermediate in position between the Barakar and Pan diet groups 

So far as their geological examination has progressed, the immense mass of argillaceous 

sandstones which occupy so large a proportion of the country in Chanda and South-east 

Berar appears to belong to the Kamthi group. Tiio same is probably the case with the 

sandstones of Sironeha and those on the right bank of the Godavery, which have, however, 

hitherto remained unexplored. The beds extending south of the Godavery towards Ellore 

and R&jamandri appear to me to differ in no important respect from the rocks in Chanda. 
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Sections, except on the sides of hills, are unusually rare, precisely as in the more northern 

area, and the great mass of the rocks consists of white and brown argillaceous sandstones, 

grit, and conglomerate, with so little marked mineral character that they might he either 

Barakar, Kamthi, or Panchet. On the Godavery, below Bkadniehallam, it is very difficult 

to draw a line between the Damuda and Kamthi groups. 

But in the neighbourhood of Ellore and Rajamandri the sandstones are frequently 

variegated in a peculiar and characteristic manner. They are associated with numerous 

hard bands of ferruginous grit and compact red and yellow shale. In one instance sand¬ 

stone was found with a peculiar semi-vitreous texture, which is very characteristic of some 

beds in Chanda and Berar. All these characters lead unmistakeably to the conclusion that 

these rocks are the representatives of the Kamthi beds of Nagpur and Chanda. 

Let it not be supposed that this conclusion is a mere abstract scientific matter, interest¬ 

ing perhaps to geologists, but of no importance to the world in general. In reality it involves 

a most serious economic question. It is quite unnecessary to remark that the discovery of 

coal in the Madras Presidency is a great desideratum. Hitherto, despite much research, 

neither coal nor the rocks with which coal is associated in India have been met with in any 

part of the country south of the Godavery. The tracing, therefore, into the Madras Presi¬ 

dency of sandstones belonging to the great series of which the coal-bearing beds of Bengal 

form a portion is of great interest and importance, because there is a possibility of the coal- 

bearing beds being associated with them.* The greater part of the working season of 

1870-71 has been devoted to the very important borings for coal on the Godavery, and I have 

been unable to give nearly sufficient time to the examination of the Ellore and Rajdmaudri 

country to enable me to ascertain with certainty the presence or absence of Damuda beds. 

Indeed, the surface of the rocks, although much bettor exposed than is the case a little 

further to the north, is so far concealed that it will probably be necessary to bore in order 

to determine this question. But although there is fair possibility of coal-bearing rocks 

being found, I could not positively detect their presence anywhere, and in one or two places, 

the base of the Kamthis was seen resting upon the metamorphic rocks, all beds of the 

Damuda group being wanting. 

In conclusion I may briefly describe the limits of the Kamthi sandstone area near Ellore 

and Rajamandri. The northern boundary runs nearly east and west from Raigddiam on the 

Godavery to Paluncha. There it turns sharply to the south, and the eastern boundary 

extends thence at first south, then south-east to Chintalpudi, 20 miles north-by-west of 

Ellore. Thence, after making a sweep to the westward, the boundary runs to the south, 

passing just east of the large town of Nuzed (Noozeid or Noozudoo), whence it turns south¬ 

west, and finally reaches the alluvial plain of Ellore near a village called Ivrishnawaram, 

at a spot nearly 20 miles east-by-north of Bezw&ra, and 16 miles west-by-sonth of Ellore. 

Along the southern part of this boundary, near Nuzed, the base of the sandstones is 

well exposed in several places, and, so far as I was able to examine, there was no trace of 

Damuda rocks. Still, further and closer examination is desirable before the same conclusion 

can be arrived at for the whole country. 

The Kamthi beds stretch along the edge of the alluvium from the point already mentioned 

cast-by-south of Ellore to the Godavery, trap intervening near the latter river at Pangadi, 

as already mentioned. The beds are in general flat, or dip at low angles. 

* So far as I am aware,—I am writing without means of reference, and may be mistaken—the occurrence of 

these sandstones near Ellore and Rajamandri has not before been noticed. 



52 Records of the Geological Survey of India. [VOL. IV, 

The eastern or rather north-eastern limit of the sandstone area extends from the 

Godavery at Pondigul, 12 miles below Bhadrachallatn, through the western portion of the 

mass of hills which culminate at the trigonometrical station of Rajgota. The boundary 

passes a few miles east of Ashraopetta, and thence trends nearly due east in the direction of 

a point on the Godavery a little south of Polavaram. Whether it crosses the river has not 

been ascertained. 

This boundary also has only been most cursorily examined, and it is impossible at present 

even to guess whether Damuda beds occur along it or not. They are found on the north 

close to the Godavery, hut they appear to be wanting in the hills a few miles farther south. 

Some sandstones were seen near Ashraopetta which had the appearance of Barakars, but it 

should be repeated that after much experience of the two formations Barakar and Ktunthi, 

l confess myself often unable to distinguish between the sandstones which usually form the 

bulk of botli groups. I can only conclude that further examination of both boundaries, 

first geological and afterwards by boring, is requisite. This is especially a case in which 

research, to have any chance of success, must proceed on purely geological principles. 

DONATION'S TO THE MUSEUM. 

Specimen of coal from new workings at Kasta, by F. R. Reed, Esq., Soory. 

Fossils from the Chittagong country, by C. Bhownlow, Esq.. Cachar. These contained 

very well preserved molars of Corpus'/ Sus or Chcerothermm, teeth of squaloid 

fishes (Odontapsis ! Lamna ?), Conns, CeritMum, JFusus, Cladocora. All tertiary. 

Specimens of rocks and fossils from the limestone ridges north of the Linzithang plain, 

from De. Cayley 

Specimens of rough jade, and of a rude stone-mortar, small wooden wedges, &c., found in 

the now abandoned jade quarries opposite Gulbasha, from De. Cay'LEY. 

ACCESSIONS TO LIBRARY. 

Feom 1st January to 31st March, 1871. 

Titles of iBooks. Donors. 

Agassiz, Louis.—Address delivered on the Centennial Anniversary of the birth of 

Alexander von Humboldt, 8vo., 1869, Boston. The Boston Soc 

An dekson, Benjamin.—Narrative of a Journey to Musardu. capital of the Western Mandin- 

goes, 12mo., 1870, New York. Smithsonian Institute. 

1!khM, E.—(Seographisches Jahrbueh, Bd. I I, 8vo., 1870, Gotha. 

Cunningham, Major Genu. A.—Ancient Geography of India, Vol. I, 8vo., 1871, London. 

Flower, Wm. II.—Osteology of the Mammalia, 12mo., l«7o, London. 

Griffin, Lepel, H.—The Rajahs of the Punjab, 8vo., 1870. Lahore. Punjab Govt. 

Hanley. Silvanus, and Theobald, Wm.—Coneliolpgia Indica, Pt. 2, 4to., 1870, London. 

Hass haul, Carol.— Commelinaceie Indieie Imprimis Archipelagi Imlici, 8vo., 1870, 

Vindobome. Zool. Bot. Soc., Vienna. 

Hauer, F. R„ and Foetterle, F.—Geologische Uebersicht der Berghaue der Osterreichis- 

clien Monarchic, 8vo„ 1855, Wien. Dr. F. Stoltczka, 

Kkrpelv, A. K.—Rericht fiber die Fortscliritte der Eisenhutteu—Technik inn Julire, 1808, 

8vo., 1870, Leipzig. 
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Titles of Hooks. Donors. 

Krabbe, H.—Bidrag til Kundskab ©m Fuglenes Bcendelorme, 4to , 1869, Copenhagen. 

Danish Academy. 

Leroy, Charles G.—The Intelligence and Perfectibility of Animals, 8vo., 1870, London. 

Lorenz, L.—-Experimentale og thoorctiske Underscegebjer over Legemernes Brydningsforhold, 

4to., 1869, Copenhagen. Danish Academy. 

Lund, Dr. P. W.—Blik paa Brasiliens Dyreverden, 4to., 1841, Copenhagen. 

Danish Academy-. 

Lutken, Chr. Fe.—Additamenta ad historiam Ophiuridarum, 4to., 1869, Copenhagen. 

Danish Academy. 

Munichsdorfer, Friedrich.—Geschiehte des Huttenberger Erzberges, 8vo., 1870, Kla- 

genfurt. 

Ni tavler til Oplysning af Hvaldyrenes Bygning, 4-to., 1869, Copenhagen. 

Danish Academy. 

Ormerod, G. W.—A Classified Index to the Transactions, Proceedings, and Quarterly 

Journal of the Geological Society of London, 8vo., 1870, London. 

Rink, H.—Om den geographiske Beskaffcnhed af de danske Handelsdistrikter I, Nordrgon- 

land, 4to., 1852, Copenhagen. Danish Academy. 

Smyth, C. Piazzi.—Antiquity of Intellectual Man, 8vo., 1868, Edinburgh. 

Periodicals, &c. 

American Journal of Conchology, Vol. VI, Pt. 2, 8\-o., 1870-71, Philadelphia. 

American Journal of Science and Arts, 2nd ser., Vol. L, Nos. 149-150, 8vo., 1870, New Haven. 

Annals and Magazine of Natural History, 4th ser., Vol. VI, No. 36, 8vo., 1870, London. 

Bronn, Dr. H. G.—Klassen und Ordnungcn des Thier-Heichs, Bd. VI, Abth. 4, 8vo., 1870, 

Leipzig and Heidelberg. 

Dunkee, Dr. Wm.—Novitates Conchologicse : Abbildung und Beschreibung neuer Con- 

chylien, Abth. II, Lief. 16, 4to., 1870, Cassel. 

Geological Magazine, Vol. VII, No. 12, 8vo., 1870, London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, Nos. 4-8. 

With an Index to Vol. I, 4to., 1870-71, Calcutta. 

Government of India. 

Leonhard, G., und Geinitz, H. B.—Neues Jalirbueh fur Mineralogie, Geologie, und 

Paleeontologie, Heft. 6-7, 8vo., 1870, Stuttgart. 

List of Civil Officers holding gazetted appointments under the Government of India on 

1st July 1870, 8vo., 1870, Calcutta. Govt, of India. 

Oostee, W. A., and Oostee, C. von Fischer.—Protozoo Helvetica, Band II, Abth. 2, 4to., 

1870, Basel. 

Palseontographica, Bd. 17, Pt, 6, and Bd. 19, Pt. 4, 4to., 1870, Cassel. 

Puteumann, Dr. A.—Geogru.phische Mittheilungen, Bd. 16, Nos. XI-XII. 4to., 1870, Gotha. 

Pfeiffer, Dr. Louis.—Novitates Conchologicie: Abbildung und Beschreibung neuer 

Conehylieu, Abtb. I, Pt. 37, 4to., 1870, Cassel. 

Novitates Couchologicse, Supple. Ill, Lief. 28-29. Monographie 

dor Molluskengattung Venus Linno von Dr. E. Romer, 4to., 

1870, Cassel. 

Pictet, F. J.—"Materiaux pour la Paleontologie Suisse, 5th ser., Liv. 9, 4to., 1870, Geneve 

and Bale. 

Quenstedt, F. A.—Petrefactenkunde Deutchlands. Band II, Brachiopoden, Heft. 4, 8vo., 

1871. With Atlas, Leipzig. 
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Government Selections. 

Bengal.—Annual Report on the Administration of the Bengal Presidency for 1869-70, 

8vo., 1870, Calcutta. Govt, of Bengal. 

„ General Report on the Revenue Survey Operations of the Bengal Presidency, 

Upper Circle, for 1869-70, fls., 1871, Calcutta. 

Supdt., Revenue Survey. 

„ Report on the Revenue Survey Operations of the Lower Provinces for 1869-70, 

fls., 1870, Calcutta. Supdt., Revenue Survey. 

„ Selections from the Records of the Bengal Government, Public Works Depart¬ 

ment, Irrigation Branch, No. I. Papers from 1866 to 1870 regard¬ 

ing the Damooda Canal Project, 8vo., 1871, Calcutta. 

Govt, of Bengal. 

British Buemah.—Report on the Revenue Survey Operations in British Burmah for 

1869-70, 4to., 1870, Calcutta. Supdt., Revenue Survey. 

Hydeabad.—Administration Report by the Resident at Hydrabad, and Report on the 

Administration of the Hydrabad Assigned Districts for 1869-70, 

8vo., 1870, Hydrabad. The Resident. 

India.—General Report on the Operations of the Post Office in India for the year 1869-70, 

8vo., 1871, Calcutta. Govt, of India. 

Montgomerie, Major T. G.—Report on the Trans-Himalayan Explorations in 

connection with the Great Trigonometrical Survey of India during 

1869, fls., 1869, Dehra Doon. TnE Author. 

Selections from the Records of the Government of India, Home Department, 

No. LXXII. Notes on Jails and Jail Discipline in India, 1867-68, 

by A. P. Howell, 8vo., 1869, Calcutta. Govt, of India. 

Selections from the Records of the Government of India, Foreign Department, 

No. LXXVIII, 8m, 1870, Calcutta. Govt, of India. 

Thuillier, Col. H. L., e. a.—General Report on the Topographical Surveys of 

India for season 1869-70, fls., 1871, Calcutta. 
Surveyor General. 

Walker, Col. J. T., r. e.— General Report on the Operations of the Great Trigo¬ 

nometrical Survey of India during 1869-70, fls., 1870, Roorlcee. 

Govt, of India. 

North-Western Provinces.—Report on the Administration of the North-Western Prov¬ 

inces for the year 1869-70, 8vo., 1871, Allahabad. 
Govt, of N. W. Provinces. 

Poet Blair.—Annual Report on the Convict Settlement of Port Blair for the year 1869-70, 

8vo„ 1870. Govt, of India, Home Dept. 

Annual Sanitary and Medical Report on the Settlement of Port Blair, Anda¬ 

mans, for the year 1869, 4to., 1870. Govt, of India. 

Journals, Transactions. 

Batavia._Tijdschrift voor indisehe Taal, Land-en Yolkenkuflde, 4th and 5th ser., Yol. 

XIII—XVIII, AHe. 1, 8vo., 1863-69, Batavia. 
Royal Society, Batayia. 

Verbandelingen van hot. Bataviaasch Genootsehap van kunsteu en Wetcnschappen, 

Vol. XXX—XXXIII, 4to., 1863-68, Batavia. 
Royal Society, Batavia. 
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Batavia.—Catalogus der Numismatische Afdeeling van het Museum van hot Bataviaasch 

Genootsehap van kunsten en Wetenschappen, 8vo., 1869, Batavia. 

Royal Society, Batavia. 

„ Chijs, J. A. Van der.—Catalogus der Bibliotheek van liet Bataviaasch Ge- 

nootsekap van kunsten en Wetenschappen, 8vo., 1864, Batavia. 

Royal Society, Batavia. 

„ Katalogus der Etlmologische Afdeeling van het Museum van het Bataviaasch 

Genootsehap van kunsten en Wetenschappen, 8vo., 1868, Batavia. 

Royal Society, Batavia. 

„ Notulen van de Algemeeue en Bestuurs-Vergaderingen van het Bataviaasch 

Genootsehap van kunsten en Wetenschappen, Vol. I (1863)—VII, 

(1869), 8vo., 1863-69, Batavia. Royal Society, Batavia. 

Behlin.—Monatsbericht der koniglich Preussischen Akademie der Wissenchaften zu Berlin, 

August to December, 8vo., 1870, Berlin. The Academy'. 

Boston.—Gould, Augustus A.—Report on the Invertebrata of Massachusetts, 8vo., 1870, 

Boston. The Natural Histoey Society. 

„ Proceedings of the Boston Society of Natural History, Vol. XII, p. 273-end, 

Vol. XIII, p. 1-224, 8vo., 1869, Boston. The Society. 

Calcutta.—Journal of the Asiatic Society of Bengal, new series, Vol. XXXIX, Pt. I, No. 4, 

and Pt, II, No. 4 (1870), Vol. XL, Pt. II, No. 1 (1871), 8vo, 

1870-71, Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. 11 (1870), Nos. 1-2 (1871), 

8vo., 1870-71, Calcutta. The Society. 

„ Records of the Geological Survey of India, Vol. IV, pt. I, 8vo., 1871, Calcutta. 

The Sukvey. 

Copenhagen.'—Det kongelige danske Videnskaberues Selskabs Skrifter. 5 Rtekke, Natur- 

videns. og Mathem. Afdeling, Bd. I (1849), IV (1859), Bd. 1' I 

(1867), VII (1868), 4to., 1849—1868, Copenhagen. 

Danish Academy. 

„ Oversight over det kong, danske Videnskabernes Selskabs Porhandlinger og 

dets Medlemmer’s Arbeider. 

Nos. 4-5, April—December (1865). 

Nos. 2-7, February—December (1866). 

Nos. 1-7, January—December (1867). 

Nos. 1-5, January—December (1868). 

Nos. 1-3, January to June (1869), 8vo., 1865-1869, Copenhagen. 

Danish Academy. 

„ Pin gel, C.—Om den af Porphyrgange Gjennembrudte Rode Sandsteem I 

det Sydlige Gronland, 4to., 1843, Copenhagen. 

Danish Academy'. 

„ Steen, Adolph.—Om Integrationen af Differential-ligninger der fre til 

Additionstheoremer for transcendente Funktioner, 4to., 1868, Co¬ 

penhagen. Danish Academy. 

„ Steen, Adolph.—Om iEndringen af Integraler af irrationale Differentialer 

* til Normalformen for det elliptiske Integral af foerste Art, 4to., 

1809, Copenhagen. Danish Academy. 

„ Thomsen, Julius.—Thermochemiske Undersoegelser, over Affinitets-for- 

holdene imellem Syrer og Baser i vandig Oplsning, 4to., 1869, 

Copenhagen. Danish Academy. 
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Copenhagen.—Thomsen, Julius.—Thermochemiske TJnderscegelser, 4to., 1869, Copen¬ 

hagen. Danish Academy. 

Edinbubgh.—Transactions of the Royal Scottish Society of Arts, Vol. VIII, Ft. 2, 8vo., 

1870, Edinburgh. The Society. 

Florence.—Bolletino R. Comitato Geologico D’ltalia, Nos. 9-12, 8vo., 1870, Florence. 

The Society. 

London.—Journal of the Society of Arts, Vol. XVIII, No. 938, Vol. XIX, Nos. 939—948, 

8vo., 1870-71, London. The Society. 

„ Palseontographical Society, Vol. XXIV, issued for 1870, 4to., 1871, London. 

Philosophical Transactions of the Eoyal Society of London, Vol. 160, Pt. I, 4to., 

1870, London. The Society. 

„ Proceedings of the Royal Society, Vol. XIX, Nos. 123, 124, 8vo., 1870, London. 

The Society. 

Proceedings of the Royal Geographical Society, Vol. XIV, No. 5, 8vo., 1870, 

London. The Society. 

Quarterly Journal of the Geological Society of London, Vol. XXVI, Pt. 4, 

No. 104, 8yo., 1870, London. The Society. 

Melbourne.— Report of the Mining Surveyors and Registrars for quarter ending 31st 

December 1870, folio. 1871, Melbourne. 

Secy., Mining Dept., Victoria. 

Moscou._Bull, de la Societe Imperiale des Naturalistes de Moscou, Tome XLIII, No. 1, 

8vo., 1870, Moscou. The Society. 

Munciien._Abhandlung-en der Matheinatiseh-Physikaliscken Classe der konig. Bayer. 

Akad. der Wissenschaften, Bd. X, Abth. 3, 4to., 1870, Miinchen. 

The Academy. 

LamoNT, De. J. v.—Annalen der Koniglichen Stermvarte bei Miinchen, 

Bd. XVII, 8vo., 1869, Miinchen. The Academy. 

Sitzungsberichte derkouigl. bayer. Akadeniie der Wissenschaften zu Miinchen, II, 

Heft. 3-4 (1869), I Heft. 1-4 (1870), 8vo., 1869-70, Miinchen. 

The Academy. 

Verzeichniss von 4793 telescopischen Sternen. IX Supplementband zu den 

Annalen der Miinchen Sternwarte, 8vo., 1869, Miinchen. 

The Academy. 

M aine TJ. S._Third Report of the Commissioner of Fisheries of the State of Maine for 

1869, 8vo., 1870, Augusta. 
Portland Society of Natural Histoev. 

Philadelphia.—Journal of the Franklin Institute, Vol. LX, Nos. 3-4, 8vo., 1870, Phila¬ 

delphia. The Institute. 

Proceedings of the American Philosophical Society, Vol. XI, No. 82, 8vo., 

1869, Philadelphia. The Society. 

Salem—Bulletin of the Essex Institute, Vol. I, Nos. 1-12, 8vo., 1870, Salem. 
The Institute. 

55 

55 

On the Egg-Tooth of Snakes and Lizards, 8vo., 1857, Salem. 
The Institute. 

Proceedings and communications of the Essex Institute, Vol. VI, Pt. 1 (1868). 

(With an Historical Notice, 8vo., 1866), 8vo., 1870, Salem. 
The Institute. 
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Toeonto.—Canadian Journal of Science, Literature, and History, Yol. XII, No. 6, 8vo., 

18/0, Toronto. Canadian Institute. 

Vienna.—Jakrbueli der Kaiserlich-Kimiglichen Geologischen Reiehs-anstalt, Bd. XX, 8vo., 

18/0, Vienna. The Institute. 

„ Eeuss, De. A.—Die Fossilen Mollusken der Tertiicr-Beckens von Wien., Bd. II, 

9-10, 4<to., 1870, Vienna. The Institute. 

„ Veriandlungen der Kaiserlicti-Koniglichen Geologisclien Eeichsanstalt, No. 1, 

8vo., 1871, Vienna. The Institute. 

„ Verhandlungen der Kaiserlich-Koniglichen Zoologiseh-botanischen Gesellsehaft. 

in Wien., Bd. XIX, 8vo., 1869, Vienna. 

Washington. Annual Report of the Board of Regents of the Smithsonian Institute for 

1868, 8vo., 1869, Washington. Smithsonian Institute. 

„ Dean, John.—The Gray Substance of the Medulla oblongata and trape¬ 

zium, 173, 4to., 1869, Washington. Smith. Institute. 

„ Pickering, Charles.—The Gliddon Mummy-Case in the Museum of the 

Smithsonian Institute, 4to., 1869, Washington. 

Smith. Institute. 

„ Sacken, R. Osten.-—Monographs of the Diptera of North America, Pt. IV, 

8vo., 1869, Washington. Smith. Institute. 

„ Swan, James G.—The Indians of Cape Flattery, 4to., 1869, Washington. 

Smith. Institute. 

„ Report of the Commissioner of Agriculture for 1868, 8vo., 1869, Washing¬ 

ton. Dept, or Agriculture, IT. S., America. 

Maps. 

Dechen, Dr. von.—Erliiuterungen der geologischen Karte der Rheinprovinz und der 

Provinz Westphalen, Theil. I, 8vo., 1870, Bonn. 

With large folio map. 
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Report on the progress and results of borings for coal in the Godavari 

Valley near Dumjgudem and Bhadrachalam, l>y W. T. Blanford, P. G. S., 

Deputy Superintendent, Geological Survey of India. 

The occurrence of fragments of shaly coal in the bed of the Godavari close to the. 

spot where the Till river joins it from the north, about twelve miles above Dumagudem, has 

been known for several years. It was noticed by Mr. Wall in bis report of his journey to 

Kota near Sironcha in 1857, and the coal was by him supposed to be derived from the Tal river. 

An examination of the Tal for a considerable distance above its junction with the Godavari, 

however, having proved fruitless, Colonel Haig, the Superintending Engineer of the Godavari 

Navigation Works, asked me to examine the spot when I was marching down the valley in 

May 1867. I found that in the Tal, near its junction with the Godavari, the only rocks 

exposed belonged to the Talehir group, whilst the Damuda shales and sandstones, which alone 

have been hitherto found in the Indian Peninsula to contain coal, appeared at the spot where the 

smaller stream joined the Godavari, and I suggested that the coal probably came from a seam 

buried beneath the sand of the river, and advised exploration by digging away the sand 

and closely examining the rocks. This was dono by Mr. Vanstavern, Executive Engineer, 

and resulted in the discovery of coal in four places, all a little lower down the river than 

the mouth of the Tal, so that the bed from which the fragments first found were derived 

has not yet been detected, but as a large quantity of silt and sand has been accumulated 

near the mouth of the Tal of late years, it is probably now covered to a considerable depth. 

Tbe quality was inferior.. Of the seams found, two, neither of them exceeding 2 feet in 

thickness, were detected close to the left bank of the river, opposite the village of Lingula. 

The quality of the coal is rather inferior, and both seams thin out and disappear within a 

few yards ; moreover, as the dip of the rocks at Lingula is towards the river bed, or south¬ 

west, and the outcrop exactly parallel with the bank, it is clear that the beds, even if of good 

quality, could not be easily worked at this spot, as the whole of them within any reasonable 

depth must be beneath the bed of the river. 

Tbe third seam found crops out in the middle of the river bed ; it is about 5 feet thick, and 

the quality appears better than in the other seams. Tbe reef of sandstone resting on this coal 

can be fairly traced at intervals for some distance, and after running along the river for about 

a mile, it turns in towards tbe right or south-west bank. Here its course becomes obscure. 

Borings were put down by Mr. Vanstavern near the spot where tbe coal would probably crop 

out on tbe bank, but without success. Another thin seam, only 2 feet thick, has also been 

detected by Mr. Vanstavern on the right bank of the river. This, like the two first met 

with, thins out within a few yards in one direction. 
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I reached Diimagtidera on the 25th December 1870, and learned from Colonel Haig that 

besides the coal at Lingala near the mouth of the Till, some had been reported farther down 

the river at a village named Madavaram below Bhadrachalam. This place is below 

the first barrier on the Godavari, and is consequently at all times in free communication by 

water with the coast, whilst Lingala is above the first barrier, and although communication 

is now possible during the greater part of the year, it is not easy for laden boats except for a 

few months. At the spot where coal was said to have been found, I could detect nothing except 

some ghaly dark coloured sandstone, but the rocks around were unmistakeably Damudas 

and there was every reason to hope for success in the search. 

An examination of the ground showed that the Damuda rocks extend for a short 

distance on both banks of the river, but that sections are very few and imperfect. On the 

left bank which belongs to the Upper Godavari* districts, there are scarcely any rocks 

visible except at the hills near Daorpali, and these are probably of a higher group, nearly the 

whole surface elsewhere being covered with alluvium. The beds appear to extend about 

six miles along the river from Gogubaka to Nandigur, but not more than from a mile to a mile 

and a half from tlie bank. On the right (south) bank of the river they extend about five 

miles from Palaram to the bend below Madavaram, stretching for a mile and a half to two 

miles inland. Above Palaram there is a break occupied by metaniorplric rocks for a mile 

and a half; above this, again, at Pundigdl the Damudas re-appear and occur for about 

one and a half miles to a little above Amravaram, then they are covered apparently by 

the Kamtbls, but the two groups here resemble each other so much in mineral character 

that their limits are difficult to define, especially as nearly the whole surface of the country 

is thickly covered with alluvial deposit. The Damudas near Amravaram cannot be traced 

more than about a mile and a half from the river’s banks, beyond this limit they are entirely 

overlapped by the Ivamthls. 

Along the right (or south) bank of the Godavari a tolerable section of the Damudas 

is exposed, consisting of conglomerate, sandstone, shale and clay, hut no coal. There are, 

however, many breaks in the section, and it is evident that an examination of these by boring 

would prove conclusively the presence or absence of any bed of coal extending over the whole 

field. Local beds, of course, might be found elsewhere, but their value must be comparatively 

small. It is also manifest that a thorough exploration can only be made south of the 

river, as to the north the beds are so much concealed that, except in a few spots, all borings 

must be put down at haphazard. 

The general dip seen in the river’s hank near Madavaram is to the westward, the rocks 

at the village being inclined at a high angle and much broken and disturbed; a short dis¬ 

tance to tlie east down the river there is an anticlinal, at the spot where a small stream enters 

the river. From this point eastwards to the bend of the river, a distance of less than a quarter 

of a mile, the rocks either have a low dip to the east or are horizontal, and the prevalence 

of conglomerate shows them to be in all probability near the base or limit of the formation. 

It is evident that the anticlinal exposes the lowest rocks to he scon on the river hank, 

and that a boring at this spot must penetrate beds lower in the series than any exposed 

elsewhere. On the arrival of the boring tools, I arranged with Mr. Vanstavern for a borehole 

to be begun at this spot. This was commenced on January 17tk and carried on until April 

12tk, up to which time 192 feet had been penetrated; the borehole was then stopped in 

* I do not know who bestowed this name on the districts, but it is an absurd misnomer. The Upper Goddvarl 

can only be that portion of the river’s course above its junction with the Pranhitd, if not higher still, where it 

traverses the Bombay Presidency. Siroueha at the upper extremity of these “Upper Godavari districts” is 210 miles 

as the crow flics from the mouth of the river and 400 miles from its source ! 
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consequence of the tools being required to prove the coal discovered on the opposite side of 

the river. The section passed through was— 
Ft. In. 

1. —Brown sandstone ... ... ... ... ... 24 6 

2. —Shale and clay of various colours, mostly dark-grey ... ... 21 1 

fCoal and shale mixed ... ... ... ... ... 0 6 

^ I Dark-grey shale ... ... ... ... ... 0 7 

| Ditto ditto with fragments of coal ... ... ... 0 8 

V Ditto ditto ... ... ... . ... ... ... 18 9 

4. —White sandstone, conglomeratic in places, with thin beds of shale 

towards the base ... ... ... ... ... 53 9 

5. —Shale and clay with a little sandstone ... ... ... ... 37 2 

fCoal ... ... ... ... ... ... ... 0 8 

6‘ (Black shale and coal ... ... ... ... ... 14 

7. —Dark-grey shale with a few fragments of coal in two places ... ... 26 1 

8. —White sandstone ... ... ... ... 8 4 

193 5 

I next arranged for a series of fourteen borings to explore the portions of the section not 

exposed in the river banks to the west of Madavaram between that village and Daniarcherla. 

These varied in depth from 6 to 200 feet, according to the extent of the breaks in the 

section, and the plan proposed was that all the smaller boreholes not exceeding 35 feet 

in depth, nine in number, should he made by jumpers with extra lengths of light rods to 

screw on. The remaining five boreholes alone would require the use of the heavier boring 

rods. In the ground opposite Madavaram no boreholes were put, because the breaks in the 

section are trifling, and the disturbance so great that there is reason to believe that a repeti¬ 

tion of beds takes place. 

To the west of Damarcherla one or two additional boreholes might have been required, 

hut a little beyond the village the beds turn up, dipping east, and then roll over again, and 

just beyond the small anticlinal, very unpromising conglomerates, perhaps belonging to a 

higher group, come in, in which there is no break of section which could conceal a coal seam. 

Two or three small jumper holes were put down to the east of Madavaram. 

Of the holes proposed six were carried out, viz., four jumper holes and two boreholes, 

when peremptory orders were received from the Government of India to discontinue all 

boring operations in the Nizam’s dominions. It is doubtful whether the boreholes in the 

bed of the river were in the Nizam’s dominions, but pending a reference to the Government 

of the Central Provinces, one set of boring tools was moved across the river into British 

territory in order to test some ground near the boundary of the field, and close to the base 

of the measures, on a horizon which did not appear to have been proved by the borings on 

the opposite bank. 

It should be stated that the borings, so far as they had been carried out on the right 

bank, bad shown the existence of sandstones and shales similar in every respect to those 

seen in the bank of the river, except that in two or three instances small fragments of coal, 

proving the existence of very thin seams, probably not exceeding two Or three inches in thick¬ 

ness, had been brought up by the borer. These little seams, although absolutely worthless in 

themselves, are of importance, as indicating that the mineral does occur in the beds, and 

that hopes may be entertained of larger seams being found. 

The place selected for a boring on the north or British hank of the Godavari was on 

the right or west bank of a stream called the Ganar, rather less than half a mile from the 

Godavari, and about the same distance east of the village of Tatpali, at a spot where some 

brown sandstone, dipping to the south, is seen on the bank of the watercourse. A little 

more sandstone of the same kind is seen up the stream to the north, and then metamorphics 

crop out, the latter appearing about 500 yards north of the spot selected for boring. For 
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some distance east and west all is alluvium. It was hoped that a borehole at the spot 

selected would afford a section of the lowest Danuida beds ; lower than any passed through 

in the boring east of Madavaram. The borehole was commenced on the 12th April, and the 

section traversed was— 

(No. 1). Soil and gravel 

*1.—Brown and yellow sandstone 

f Shale, pale above, darker below 

J Coal 

i Do. mixed with shale 
2. < 

i Dark carbonaceous shale 

I Coal 

(.Dark shale with 2 inches coal 

3.—White sandstone ... 

Ft. In. 

8 6 

25 6 

7 0 

3 0 

1 0 

5 0 

3 0 

6 0 

27 0 

86 0 

The higher 3 feet of coal appears to be of better quality than the lower; an analysis 

of the small fragments washed from the samples brought up from the borehole gave the 

following (average of three samples from three different levels)— 
Volatile ... ... ... ••• ••• 37'7 

Carbon ... ... ... ... ••• 42*7 

Ash ... ... ... ... ••• ••• 19'<5 

100-0 

The volatile portion comprised 10‘8 per cent, of water. This is by no means a good 

result, but still some use could be made of such coal, and it should be remembered that 

analyses of such samples as are obtained from borings are only approximations, although 

they are usually not far from the true composition. 

When I heard of the discovery of coal I was about forty miles from the spot. I marched 

to it at once, but before I reached it, Mr. Heppel, who was carrying on the borings, had 

commenced a second borehole on some sandstone in the bed of the Ganar stream below No. 1 

borehole at a distance from the first of 125 yards south-east by east. This (No. 2) gave the 

following remarkable section :— 

(No. 2). 1.—Yellow and brown sandstone ... 

'Shale, partly dark-grey, partly buff 

Coal 

Shale ... 

Coal 

Shale ... 

Coal 

Shale 

Coal 

Shale 

2. < Coal ... 

Shale ... 

Coal 

Shale ... 

Coal 

Shale ... 

Coal (shaly) 

Shale ... 

Coal 

l.Black shale 

3. —White sandstone ... 

Ft. In. 

28 0 

1 6 

2 0 

2 2 

0 6 

0 6 

1 4 

1 4 

1 0 

1 2 

1 8 

1 2 

1 

0 10 

1 0 

2 8 

1 9 

1 4 

0 8 

5 0 

3 2 

60 8 

* The numbers 1, 2, 3, before the several beds in the sections indicate those which are supposed to be repre¬ 

sentative of the same part of the series in each. 
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Altogether the combined bed of shale and coal measures 29 feet 6 inches, of which 11 feet 

8 inches is coal, but the bands of coal and shale are intermixed in a way which would much 

increase the cost of working the seam. The astonishing change, however, in so short a dis¬ 

tance as 125 yards from a bed 25 feet thick containing 7 feet of coal in two well defined seams 

exceeds anything usual even in India, amongst the very variable seams sometimes met 

with in the Barakar group, and this amount of change within so short a distance rendered 

it doubtful whether the seam could be traced to any distance. 

It was now desirable, 1st, to ascertain the extent of the seam, and 2nd, its quality. For 

the extent two boreholes were put down, one to the east, the other to the west, at a distance 

of about one-third of a mile from No. 1, on the supposed strike of the coal seam. All 

the ground east and west, for a considerable distance being completely covered by alluvium, 

the true strike could only be inferred from the line of outcrop of the metamorphia rocks 

to the northward. To the east the borehole (No. 4) was a complete failure. It was put 

down in an open plain north of the village of Ganara. It passed through 34 feet of earth 

and 18 feet of quicksand, in which no further progress could be made, as the sand filled the 

tube faster than it could be removed by the “ pump” or mineral lifter. A second borehole 

200 yards farther south (No. 5) was equally unsuccessful. After passing through 22 feet 

of soil and 24 feet of quicksand it also had to be abandoned. There was not time for more 

attempts in this direction. 

The boring to the west (No. 3) was on higher ground, just south of the village of 

Tatpali. It gave— 

Ft. In. 

(No. 3). Soil and gravel ... ... ••• • ••• 3 7 

1? Sandstone, yellow, brown, and red ... ... ... 29 9 

fPale coloured sliale ... ... ... ... 10 0 

2 ?•< Red and yellow sandstone with some shale ... ... 7 0 

(Shale, pale and dark ... ... ... ... 13 0 

3 P White sandstone with a little shale and brown sandstone ... 24 8 

88 0 

In my absence this borehole was stopped by Mr. Heppel, and another (No. 6) started 

250 yards to the south-east. This was on somewhat lower ground, and as the beds dip south 

at a low angle the section is probably that of the same beds— 

Ft. In. 

Soil ... 11 0 

IP Brown sandstone ... ... 13 10 

'Bull' shale 6 0 

2? - Red sandstone 2 0 

[.Dark shale 6 0 

3? White sandstone with darker bands ... 4G 0 

84 10 

These sections I am strongly inclined to believe are in the same beds as Nos. 1 and 2. 

We have the same general succession, brown and yellow sandstone above, then a thick bed of 

shale, and then wliito sandstone. I have recommended that one of the boreholes should be 

carried out to a greater depth on the possibility of these beds belonging to a higher horizon, 

but I cannot think this at all probable. The evidence afforded by these boreholes appears to 

indicate that the coal thins out and disappears to the westward within a short distance. 

Meantime a locality for a small pit had been selected up the Ganar stream 350 yards north¬ 

east of No. 1 borehole, at a spot where some yellow sandstone, just like that immediately over 

the coal, crops out in the bank of the nala, in the expectation that this would be close to the 
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outcrop of the coal, and that a sinking of a few feet would produce abundance of coal to 

enable the quality to be fairly tested. A jumper hole, subsequently deepened by boring 

(No. 7), was put down in order to ascertain the presence of the coal. This gave_ 

(No. 7). —Yellow sandstone 

/-Buff shale 

i Dark shale 

A Coal ... 

(^Dark shale. 

Ft. In. 

29 6 

21 0 

6 0 

1 3 

26 3 

87 0 

showing that the beds are nearly flat, and that a great increase of thickness in the shale has 

been accompanied by a diminution in the coal. A pit was therefore commenced close to No. 2, 

but when it was only 13 feet deep, the quantity of water met with retarded progress so much 

that it was considered advisable to commence another on the high ground 30 yards west 

of No. 1, as, although it would be a little deeper, it would not be equally liable to flooding, 

and might be used for the extraction of coal. A borehole has shown that the section is 

the same as at No. 1. This pit is now in progress. 

Meantime one more boring (No. 8) was 

The section was— 
made only 200 yards west-by-nor 

Ft. Tn. 
(No. 8). Soil and gravel ... 10 5 

1.—Coarse brown sandstone 4 0 
f Light coloured and buff shale 9 0 
1 Red sandstone 3 0 

2 J Light blue shale ... 

j Red sandy clay 
2 9 

... 14 3 
Variegated day ... 13 0 

^Dark shale ... 21 7 

78 0 

This boring was in progress when I had to leave at the end of May, and I have not yet 

received accounts of its completion. The enormous thickness of shale recalls the section in 

No. 7, and both sections may possibly be below the white sandstone which underlies the coal. 

But it is more probable that the shale represents the shale and coal found in the two first 
boreholes. 

Lastly, as the absence of coal had been proved to the north-east and west, and no borings 

had been found practicable to the east, while the ground to the south appeared equally 

unfavorable for boring, except at a place on the bed in the Godavari where operations might 

at any moment, at the season now reached (June), have been stopped by a rise in the river, a 

borehole was recommended 500 yards south of No. 8 and south-south-west of No. 1. This 

(No. 9) has given the following section, sent to me by Mr. Vanstavern since my arrival in 
Calcutta— 

(No. 9). Soil &c. 

1. —Brown sandstone and conglomerate 

( Dark shale 

j Ironstone 

2. { Shale ... 

j Coal 

^ Shale 

Ft. In. 

... 39 0 

... 23 0 

3 0 

2 6 

2 0 

1 6 

... 2 0 

73 0 
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Ft. In. 

73 0 

Coal 2 1 

Shale, carbonaceous 2 0 

Coal 1 6 

Shale, carbonaceous 1 6 
Coal 1 6 

•i Shale, carbonaceous 1 0 
Coal 1 0 
Shale, carbonaceous 2 0 
Coal 1 0 
Shale, carbonaceous 1 0 
Coal 2 0 

\Shale ... 23 0 

112 7 

The section is remarkably like that at No. 2. It decidedly strengthens the evidence 

in favor of all the boreholes having passed through the continuation of the same beds, for 

we have in this case a great thickness of shale as in Nos. 7 and 8, with the coal as in No. 2. 

The total thickness of coal as yet proved in this last borehole is 10 feet 7 inches. 

To sum up the evidence: the presence of coal has been proved over a small area which 

contains probably 25,000 tons, or rather more, of which quantity it is as well not to assume 

that more than one-half can be profitably extracted, owing to the great admixture of shale. 

It is probable that the seam may be traced for some distance to the south, because the amount 

of coal, so far as is known, increases in that direction, but it is hardly likely that a seam 

which thins out and disappears within so short a distance as 200 yards can he depended upon 

for any long distance. The quality has not yet been accurately ascertained. If on cutting 

into the coal it is found to burn fairly, a considerable quantity may be extracted, far more 

than sufficient to well repay the expenditure incurred in boring, but, except in the improbable 

case of the coal continuing for a distance to the south and east, no permanent supply can be 

depended upon from this locality. The great admixture of shale and the variation in the 

seam will render it necessary to mine a large quantity of useless rock, and this will increase 

the cost of the coal, hut in a country where no other supply exists, this alone should not 

prevent the coal being worked. 

The locality is most favorable. The river is within half a mile when full, and about a 

mile during the dry season, and so soon as the coast canals are comploted, it will bo in cons¬ 

tant water communication with Madras. 

In conclusion, I would recommend that the remainder of this small tract of coal-bearing 

beds be thoroughly explored, as, even if no extensive seam of coal be found, a considerable 

quantity of useful fuel might be discovered, which would be available on an emergency. 

North of the river a borehole should be pat down below the high bank at Rajgumpa, at a 

spot where conglomerate is seen in the river bed, in order to test if the coal continues so far 

to the south-east. A boring might also be made where sandstone occurs in the stream 

north-east of Gaoriopeta, and another south of the large tank near Egerpeta, west of Tatpali, 

and one of the boreholes already sunk, for preference No. 1, should be continued until the 

metamorphics or Takhirs are reached. There is little chance of good from any further 

exploration on the north bank. On the south or right side of the river, the series of borings 

planned west of Madavaram should be carried ont. The small breaks in the section near 

Amravaram might be explored in the same manner, and especially a spot above the 

mouth of the large stream which enters the Godavari just above the village, as small 

fragments of shale and coal are hereabouts scattered along the edge of the river, and may 

indicate a coal seam below the sandstone exposed at a place where there are some hushes 
beneath the bank. 
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If all endeavours to find a permanent uoal supply in this locality fail, an eventuality 

for which we must be prepared, the next chance is near Lingula. Here I consider further 

exploration in British territory as almost hopeless, the Talchirs must crop out everywhere' 

below the mouth of the Tal close to the river bank, so that the Damudas are confined, or 

nearly so, to the bed of the river and the country on the opposite side. Above the mouth 

of the Tal for some distance it is simply impossible to say what exists, for the whole 

country is covered with thick alluvium as far as Cherla, where the only rocks that are 

known to occur appear to me undoubtedly Knmtkis, and all the Damudas and Talchirs are 

overlapped. The only plan by which any good can be done is an exploration of all the 

breaks in the section exposed above the top of the Talchirs at Sangaram on the right 

bank of the river in the same manner as I have recommended near Madavaram. The dip 

varies from 10° to about 20°, and the depth to which the boring in each case must be sunk 

will be found by multiplying the length of the break by the tangent of the angle of dip. 

I am under great obligation to Mr. Yanstavern for the very thorough manner in which 

he has aided me, and for his r-eadiuess to carry out every suggestion I made. Mr. Heppel’s 

services in charge of the boreholes were invaluable; it is mainly due to his thorough 

knowledge of boring and to his hard work, in an intensely hot season and despite many 

difficulties, that so much has been accomplished in a short time. 

Calcutta, 1 

July 6th, 1871. J 

Note on the Nakbada Coal-basin, by H. B. Hedlicott, A.M., F. G.S., Deputy 

Superintendent, Geological Survey of India. 

Prom the point of view of uncertainty and of expectancy the Narbada coal-fields are 

at present the most important in India. They are the nearest known source of coal for the 

great region of North-Western India, where so many miles of railway are either open, 

under construction, or projected. Even as communications now stand, with the circuit 

through Jabalpur and Allahabad, these fields are much nearer than those of Bengal to 

the Panjab. When the rails are laid through Malwa and Gwalior the length of carriage 

will be greatly reduced. Yet less is known regarding the resources of the Narbada area 

than of almost any other. The Warda fields have been comparatively recently brought 

to notice; but their value and extent have been so well established by systematic boring 

experiments that the working of them is now oidy a question of time and convenience. Until 

similar trials are made in the Narbada fields the prospect of a supply of coal there must 

remain uncertain, the naturally exposed sections of the rocks being so very obscure. There 

is an immense area beneath which it is possible, or eveu probable, that coal exists; but its 

presence and the depth at which it must be sought are still unknown. In connection with 

this there is an interesting question of stratigraphy to he discussed, and which would be out 

of place in this brief notice of practical objects ; the more so that I believe no amount of 

discussion upon surface observations could in this case finally settle the point or remove the 

necessity for actual exploration. The occurrence of a fine outcrop of coal in a convenient 

position at the northern edge of t,ho basin, and the formation of an efficient mining estab¬ 

lishment to work it, have, no doubt, contributed with other causes, such as the want of proper 

maps, to keep in temporary abeyance the further exploration of the field; hut it is evident 

that this should no longer be deferred. My brief report of last year (liecords, Geological 

Survey, Yol. Ill, Pt. 3,) showed how much need there was for information regarding even 

the seams on the Sitarivfi (atMbhpani) ; how limited their known extension; how broken, 

crushed, and even locally destroyed they are within those small limits; how urgent it was 
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to ascertain their extension beneath the younger rocks to the south. Although little inform¬ 

ation has been gained within the last twelve months, and that little not very encouraging, 

the importance of the case makes it worth noting. The following notes, in continuation of 

my last year’s report, refer only to the northern side of the coal region: every endeavour 

should be made to find the coal there before attempting to work the distant outcrops of the 

Upper Tawa valley, on the south side of the basin. The localities to be mentioned in this 

paper may be followed upon the small map attached to the report of last year, or upon the 

large sketch map of 1859. 

During part of the past season I examined a number of sections along the northern 

side of the area of sedimentary rocks from end to end. but without discovering an outcrop 

of the coal-measure rocks (the Barakar group). This direct evidence failing, the fact that 

has most encouraged hope of the proximity of coal has been the occurrence in several places of 

Talchir rocks, which so constantly underlie the coal-measures. The outcrop in the glen south 

of Futtehpiir was mentioned in last year’s report. A much larger spread of the same rock 

is seen at the edge of the plains south of Dhabka, eight miles east-south-east of Sohagpur: 

again, to east of the Sitariva, half way between Chungaon and Hatnapiir, close on the west 

of Nibhora village. But even this evidence is open to doubt: in all cases the rock in 

question is indeed the lowest seen, and is identical with the well known Talchir boulder 

clay; but except for the boulders (which are not of large size) an identical clay is common 

in the adjoining Mahadeva rocks, alternating with the more common mottled red clays. 

Thus, the identification of this boulder bed as Talchir rests largely on the assumption that 

there is no such bed in the Mahaddv&S; it is certainly very different trom the ordinary 

conglomerates of this series. It is moreover noteworthy that in the undoubted Talchlrs of 

the Sitariva section sandy rocks prevail: even the boulder-bed is principally a sandstone, 

the clay being subordinate. I am, however, decidedly of opinion that the rock in the 

localities noticed belongs to the Talchirs. The presumption thus gained in favor of the 

proximity of the coal-measures along this edge of the field is, no doubt, an uncertain one; 

but it is something; the Barakur and Talchir groups being about the two most constant 

companions of all the groups of the great plant-bearing series. It will probably be advis¬ 

able at some early date to make one or more deep borings through the Mahadeva rocks 

at some little distance from the edge of the basin ; but, as was urged last year, it would 

be unwise to attempt this until it be seen wbat can be learned from the exploration oi 

the Sitariva field as to the conditions of the formations in passing southwards. 

Very little has been added during the past year to our knowledge of the seams in 

the Sitariva (Mohpani) field. What explorations have been made only bring into clearer 

view the greatly disturbed condition of rocks within the area exposed, and the corres¬ 

ponding deterioration of the coal. In the pits on the vertical scams at the north edge 

of the field tho coal has become greatly squeezed-out at a depth of 100 feet, and along 

the strike westwards, being at the same time reduced to an useless paste. Some shallow 

excavations on the outcrops in the ravine to the north of tho Narbada Company’s mine 

show the coal to be tremendously crushed and uiixcd with tire associated rock; two strong 

trap-dykes here passing within a hundred yards of each other right through the measures. 

The trial boriug at Pukuhi was carried to a depth of 110 feet. The result was inconclusive 

and, in a measure, unexpected. The sandstone, which from its position and general appear¬ 

ance it was thought might be the top-rock of the coal-measures, proved to be only a band 

in the Mahadcvas; the bore having gone through some 60 feet of the typical red clay 

beneath it.. . Below this, however, the bore passed through dark-brown and dark-grey, 

slightly carbonaceous, clay. Such a rock would he very unusual in the Mahadcvas in this 

position; and would, on the contrary, fairly represent the top of the coal-measures in the 
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northern section on the Sitariva; the two being, moreover, on the same general strike. 

Regarding the southern extension of the seams, where, it may be hoped, they become steadier 

and farther from trap, no result has as yet been attained. The small trial-shaft and boring 

close to Benar on the north-west not having proved coal within 50 feet, Mr. Taylor shifted 

his operations to a point south-east of the village, and well in on the Mahadeva rocks 

where he is now boldly sinking a shaft. He could not, within his limits, have chosen 

a better position for making a thorough trial of the ground. According to the nearest dip 

seen (25°), and supposing no intervening fault, the shaft may have to be sunk 235 feet 

before striking the measures; but there is hope that the dip flattens, so as to lessen the 

depth. The shaft is now 98 feet deep, 92 feet of which were through an unbroken mass 

of mottled red clay, locally silicified and very hard, but all requiring to be cased up. 

The bottom 6 feet are in a firm, clear gray, sandstone-conglomerate. The plane of junc¬ 

tion, which (Mr. Taylor informs me) seemed regular, thus affording a fair observation of 

the dip, sloped at 18° to the south-south-east. The prospects are so far improving. The 

spirited euterprize of Mr. Jones, the present proprietor, deserves every success. 

In my small map of last year I marked some Talchir rocks, with a query, on the 

south of Puwaria village. A re-examination of that obscure section, later in the season, 

whon the ground is less concealed, has convinced me that the rocks are Mahadeva; thus 

making the suppression of the older roeks to the westward of the Sitariva. much more rapid 

than was at first apparent. But there is no deciding as to the manner of this suppression ; 

it may be altogether due to faulting or to folding of the strata. Tho alternative suppo¬ 

sition to that of disturbance to account for this so sudden disappearance of the coal-measures 

would be that there is strong denudation-unconformity between the two rock-series. There 

are some puzzling sections about the mines seeming to corroborate this view of the case; 

still it is hard to get over the fact first adduced against it—that in the best exposed sections 

the succession of the rocks seems regular. And there certainly can be no objection now to 

(ho supposition of disturbance. The unpromising nature of the ground in this position, 

at the edge of the basin, is further displayed in this section at Puwaria by the discovery 

of four strong trap-dykes, or at least outcrops (the section is so flat one cannot positively say 

how the trap occurs), iu a length of about three quarters of a mile. 

Several new outcrops of the lignite-coal in the Upper Mahadeva rocks have been ex¬ 

amined during the past field season in tho hills east of the Sitariva. They all bear out 

the opinion already given on the subject. 

There remains to notice the coal near Lokartalai at the extreme west end of the basin, 

so far as exposed at the surface; the whole sedimentary series there passing beneath the 

trap. The coal-band here seems different to any yet noticed. It occurs (see small map 

annexed) at some distance from the boundary of the metamorphic rocks, being exposed in a 

trench cut by the Moran across a flat anticlinal fold of the strata. Tho upper rock is a strong 

pebbly Malidddva sandstone, but on what exact horizon has not been determined, imme¬ 

diately beneath which come the earthy coal-bearing beds. There is the usual appearance of 

complete conformity; the upper rocks dipping at the same angles as the lower; and the 

same beds of shale being identifiable on both sides of tho anticlinal; a thick bed of nodular 

and shaly, micaceous and carbonaceous clay is recognizablo at a few feet below tho 

sandstone on either side. There are altogether about 80 feet of the lower rocks: 40 

to 50 feet at top arc earthy, some of the layers of shale containing strings of bright coal. 

These arc best exposed iu the southerly elbow formed by the river. They rest upon a thick 

mass of fine sandstones, between which and a similar mass below occurs the principal seam. 

It is about 4 feet thick. What coal there is in it is very bright; but shale predominates 

in tho mass, and there is a great deal of pyrites. Some explorer had last year cut a short 

drift into the seam and evidently abandoned it as worthless. This seam is about the lowest 



PART 3.] Oldham : Geology of the Central Provinces. 69 

bed exposed on the back of the anticlinal. I do not think that this band of coal-bearing 

rocks belongs to the Barakar group. I rather think it belongs to those younger beds of 

the Damiida series so largely exposed along the south base of the Pachmari range, and in 

which as yet no coal-outcrops of any promise have been found. Or, it may possibly belong 

to the Mahadeva series. I was not fortunate enough to find any fossils to determine 

this point; and owing to the isolated position it will be a very tedious matter, if even 

possible, to work out the question stratigraphically. 

Camp, | 

May 1871- J 

Sketch of the Geology of the Central Provinces, by T. Oldham, P. R. S., Supdt., 

Geological Stirvey of India. 

[In connection with the valuable series of Gazetteers which are now in course of pub¬ 

lication under the authority of Government, the Geological Survey have from time to time 

afforded information to the officers charged with their compilation. This has frequently 

been on isolated points, but we have also been urged to give general and sketchy out¬ 

lines of the geology of the various provinces viewed more as a whole. Such sketches are 

necessarily brief, being very limited in the space intended for them, but they may be useful 

to others as giving a more general outline than separate reports could do. It is, therefore, 

in contemplation to reprint these in the present series of records. Of those which have 

been already furnished, that of the Central Provinces has appeared soonest. It is now given 

here. It was written entirely without a single map or record for reference, and very hurriedly 

under great pressure for time. Others of Orissa, North-Western Provinces, Bombay, &c., 

will follow. ] T. O. 

To give a general description of the geological structure of the Central Provinces in any 

Diversity of the geological character of the detail would involve the necessity of entering upon 

country. a discussion of the geology of India at large, as 

these provinces contain representatives of almost all the formations known to occur within 

Indian limits, although frequently these are much better seen in other districts, and ought, 

therefore, more correctly to be described in connection with the locality where the most typical 

sections occur. In the very brief notice which follows I am therefore compelled to pre¬ 

suppose a certain amount of acquaintance with Indian rocks, and the classification of them. 

It is only necessary to state that the few descriptions which follow have been drawn up under 

great pressure as to time, and while actively engaged in field work of an important and 

intricate nature, and away from all maps and records. 

The Central Provinces, divided into nineteen districts, naturally group themselves into 

General correspondence of geological and separate areas, corresponding to well-marked physical 

physical areas. features. These again have in a similar way a 

general agreement with the geological structure. To the north the districts oi Sugar and 

Damoh arc altogether on the Vindhyan plateau, and a large part of their surface is 

formed of the deposits to which the name Vindhyan has been given. These are, however, 

concealed over considerable areas by the overflowing volcanic rocks of the great Deccan trap 

area. Physically also these districts (as is all the Vindhyan plateau) are connected with the 

country to the north, all the drainage of the area being into the Ganges valley. Imme¬ 

diately to tlx: south of the Vindhyan escarpment, along the marked depression of the 

Narbada valley, lie the four districts of Jabalpur, Narsinghpur, Hoshangabad, and 
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Nimar (taking them in order from east to west), which are in great part on alluvial and 

tertiary deposits, with a narrow belt of older rocks along the southern side ot the valley. 

South of the Narbada valley rise the extensive highlands constituting the Satpura range, 

or its continuation, which are in great part formed of the Deccan traps resting upon 

crystalline rocks, or upon sandstone and other rocks of later date. Of this region Mandla 

occupies the extreme eastern end, bounded by the steep escarpment of thetrappean plateau, near 

to the edge of which the Narbada river has its source at Amarkantak. Along this same 

range to the west lie parts of Balaghat, Seoul, Chhindwara, and Betiil. South and 

south-east of the Satpura ranges lie the remaining districts. Bilaspur, Raipur, and 

Sambalpur lie in the great drainage basin of the Mahanadi. The two former occupy the 

low plain country of Chhattisgarh, formed principally on rocks hedieved to belong to the 

Vindhyan series, with a part of'their area covered by coal-bearing rocks. Sambalpur is in a 

rugged jungly country comuosed of crystalline and metainorphio rocks. The great drainage 

basin of the Godavari, on the other hand, includes Nagpur, Bhaucfara, Wardha, Chanda 

and Sironcha. These districts have no very considerable elevation. The two first are prin¬ 

cipally on gneissose rocks, with much trap in Nagpur: Wardha is almost entirely on trap- 

rocks; Chanda and Sironcha have a very varied structure, including more or less of all 

the formations that have been named. 

Geological groups. 

Crystalline and nictimiorphie rooks. 

Sub-metaraorpliie rocks. 

These formations may bo noticed in ascending order. The crystalline and metamorphie 

rocks have not as yet been described in any great 

detail. Gneiss of different varieties, often highly 

granitoid, predominates. The frequency with which 

these rocks appear shows how closely to the surface they form the substratum of the whole 

area. They are found at intervals all round the irregular boundary or border of the trappean 

rocks, rising in several places nearly to the full height of the plateau. The principal areas occu¬ 

pied by them are in Nagpur and Bhandara and in Betiil. Also in Sambalpur a very 

large area is formed of these rocks; hut this is naturally connected with, and belongs to the 

great Gneissic area of Bengal. In obscure relation to the gneiss there occasionally appear 

sub-metamorphic rocks, schists, slates, and quartzites. 

These may be seen at many points along the borders 

of the Narbada valley, from the north-east of Jabalpur into Ninuir. 

The great Vindhyan series of strata which form so prominent and important a feature 

in the geology of Hindustfin are the next deposits 
Vindhyan series. . • j» 1 • , 1 j. 1 n 

m succession of age ioimd m the Central -Provinces. 

There is, however, a wide and complete separation of these from the gneissose rocks. They 

are universally unconformable to the latter, and they exhibit little or no mineral alteration, 

and only very locally any marked mechanical disturbance. The range or escarpment, from 

which the name of the series has been adopted, forms the northern boundary of the N ar- 

bada valley, and the districts of Sagar and Damoh are occupied by the upper member of 

the series—the lihdnrer and ltcwd groups. Each of these groups consists of a strong band 

of sandstone resting upon shales with subordinate limestone—an arrangement which, coupled 

with the nearly horizontal position of the beds, has, through the operation of denudation, 

produced the peculiar surface features of the country, namely, local plateaus bounded by pre¬ 

cipitous scarps, overlooking broadly undulating valley-plains—features oven better seen in the 

Rewa country. The, Bijei&ghogarhpargana in the north-east corner of the Jabalpur 

district lies within the geological region of the Son valley, where the Lower Vindhyan rocks 

are so well exposed: they consist of less uniform alternations of shales, sandstones, and 

banded limestones, with some peculiar compact silieious (chorty and jaspery) layers, very 

homogeneous and regulnrh bedded. Along the entire southern margin of the Vindhyan 



PART 3.] Oldham: Geology of the Central Provinces. 71 

area these rooks both ‘ Upper and ‘ Lower’ are much crushed and contorted, hut they are 

only locally (in the south-west) penetrated by igneous rocks, probably of' the same period as 

those of the great basaltic area. The extensive plains of Bilaspur and Raipur are formed 

on rocks very similar in composition, arrangement, and external relations to those of the 

Lower Vindhyan formation as seen to the north, and these extend from here along the upper 

courses of the Mahanadf into very close proximity, if not actual continuity, with the 

similar deposits in the Chanda and Sironcha districts, and beyond the limits of the 

Central Provinces to the south, extend at intervals into the Madras Presidency, where they 

cover an immense area in the Kaddapa and Karnul districts. Our knowledge of these 

detached areas is not as yet sufficient to justify an assertion that they were once continuous, 

although the striking identity in lithological character of the several deposits lends strong 

support to this view. Throughout all these widely-extended deposits there is constant 

physical evidence of their having beeu accumulated in comparatively shallow water, and so 

far under physical conditions favourable to life. The sandstones are false-bedded and beauti¬ 

fully rippled on their surfaces, each successive bed, often for hundreds of feet in thickness, 

showing its own ripple-marked surface. Nor is there anything in their mineralised condition 

to suggest the chance of subsequent obliteration of organic remains, had they ever been 

imbedded or become fossilised. Yet no success has hitherto rewarded our most careful 

searchings for such traces of early existences, 

Coal-bearing rocks. 

Passing upwards in the historical succession of rocks, we find in India a wide gap in the 

geological record between the Vindhyan rocks, just 

alluded to and the next succeeding series of deposits, 

in which are included the coal-bearing rocks. The whole face of the country wherever these 

occur must have been entirely remodelled by long-continued denudation and other causes 

before the commencement of the deposit of this great plant-bearing series of beds. This 

series has attracted much attention, both from its economic importance, and from the fact 

that it is in all its groups more or less fossiliferous. And the proper sub-division of it as 

represented at distant localities has been the subject of much study. Nor has the detailed 

examination of the country yet been sufficiently extended to admit of a final decision of this 

question. 

Three great groups have, however, been thoroughly established—the Tdlehir, the 

Damudd, and the Panchet rocks, and representa¬ 

tives of these three great groups have been found 

wherever the general series occurs. It is solely as to the exact limits of each that any 

question still exists, which can only be answered after more detailed examination. This 

question is, however, of high practical importance, because of the three series which I have 

mentioned only one is proved to contain workable beds of coal. The Tdlehir rocks below 

contain no coal, and the Panchet rocks above are equally without any coals, the whole of the 

workable beds of coal of this geological epoch being found confined to the Damudd rocks. 

Sub-divisions. 

The largest area occupied by the rocks of this great series within the Central Provinces 

. , . ,, lies in the hilly region to the south of Iloshanga- 
Satpura coal-fields. J f 1 

bad aud Narsinghpiir, partly within the bound¬ 

aries of these districts, but principally belonging to Cbhindwara, and embracing the Pach- 

marhi or Mahadeo hills. At the base of the series we find the characteristic deposits of 

the Tdlehir group—greenish silt beds, breaking up into small splintery flakes and sharp 

fragments, and hence called ‘needle shales,’ and greenish brown or whitish earthy felspathic 

sandstones, in either of which pebbles and large boulders are often irregularly scattered. 

Often these are very numerous and form a distinct bed, to which, from its peculiar constitu¬ 

tion, the name of “ Boulder” Bed has been given. These rocks, generally speaking, are 
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found at the edges of the field, or weathered out in the deep valleys. The thickness of this 

group is variable, never very great, and it is locally altogether overlapped. In the Narbada 

it covers by far the larger portion of the area. As noticed, no coal has ever been found in 

the TdlcUr rocks, and very rarely any of the dark carbonaceous shales which are so frequent 

an accompaniment of coal, with the exception of a few thin and irregular streaks which 

invariably mark the transition of these T&lehir rocks into the Pamiidd (Bardkar) rocks 

above. This Pamiidd series is chiefly made up of thick-bedded, often coarse felspathic 

sandstones, with subordinate beds of blue and carbonaceous shales and con?. In Bengal 

and towards the east this series is of great thickness, and is easily divisible into several 

distinct groups. But towards the west and the Central Provinces the series is of much 

diminished thickness, and the sub-divisions so well marked in Bengal are not recognisable. 

The beds of coal in the same way are much fewer and less important. These variations 

appear to have only a local development when viewed in detail, while on a general compari¬ 

son the facts would seem to be expressed by saying that the Panchet series, which imme¬ 

diately succeeds the coal rocks, assumes towards the west a much greater thickness and 

importance than in the east, while the Pam,did series has been much less developed. In 

the Narbada valley the latter series is represented by one group of beds only, which belong 

to the lowermost group recognised in Bengal (the Bardkar), of no great thickness, and 

covered by an immense series of sandstones of varying age. No trace of any one of the 

sub-divisions of this great plant-hearing series— 

T&lehir, Pamiidd, or Pancliets—has been found to 

the west of about the parallel of Hoshangabad (Lokhartalai). The Damuda rocks 

cover a wide spread of country round the bases of the noble Pachmarht hills, and extend 

thence to Umreth and Bark of, about sixteen miles from Chhindwara. They rest in 

parts immediately on the gnoissose rocks, and are frequently succeeded directly by the great 

trappean flows. 

In Bilaspur (Chattisgarh) a large area of widely undulating country along the 

Hasdii—an affluent of the Mahiinadi—is also 
Bilfispftr coal-fields, „ , ,, , . , , , , . . 

tornied ot these rocks, and coal has long been known 

to exist there in some quantity. The district has not been examined as yet, and no trust¬ 

worthy information exists as to the quantity or quality of this coal.* 

In the Chiinda district again, and in Bcrar adjoining, similar Bardkar rocks are 

found resting upon the characteristic T&lcMr beds, 

and occupying a very small area in the large field of 

sandstones which there occur. At least one thick group of beds with coal is known in which 

the coal itself exhibits the same characters which distinguish the beds in the Bardkar series 

elsewhere—that is, there is rapid aud considerable variation in the thickness and quantity of 

the coal. Beds of great thickness have, however, been met with, and there is a very large 

supply therefore of useful fuel. 

Similar rocks extend down the valley of the Go davari and the Pranhita for a long 

, , distance, occurring in detached localities separated 
Godavari and Pranhita. . . . , , .. „ ,, 

by wide ridges ol the older formations. IN ear the 

mouth of the Tal river about fourteen miles above Diima'gudom, both Tdlchir and 

Pamiidd rocks occur, the latter containing coal, which form the bed of the river Godavari 

for some distance, and have probably a considerable extension ; and coal is also known to 

occur about thirty-four miles to the south of the same town, visible on the bauks of the 

river. 

Wardhd ltiver coal-fields. 

* See later information in Kecords Geological Surve)' of India, 1870, p. 71, also p. 64. 
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We are not as yet able to speak so certainly of the limits and relations of the beds which 

occur immediately above these coal-bearing rocks, so far at least as parts of the country under 

notice are concerned. In the Narbada valley coarse conglomeratic sandstones with ferrugi¬ 

nous bands, which are believed to be the representatives of the Panchet rocks of Bengal, 

come in immediate succession on the Bardlcar beds (Mohpam, &c.). And similar rocks 

occur in the same relation in the wide flats of Chliattisgarh, and probably at the inter¬ 

mediate locality of the Chhindwara fields. 

Kamthi sub-group. 

But passing into the drainage basin of the Godavari, a series of rocks of peculiar 

lithological character and locally abounding in fossil 

plants, is met with, no exact representatives of which 

are as yet known elsewhere. In their general mineral aspects they come very near to the 

ordinary Panchet rocks of Bengal, and they appear to pass upwards into undoubted 

representatives of these, but the prevailing form of fern of which they contain the fossilised 

fronds, is one (Glossopteris browniana) which is scarcely known to extend up to the Panchet 

horizon. These beds would therefore seem to indicate either a commencement in the basin 

of the Godavari of the deposition of rocks having the peculiar mineral character of the 

Panchet beds at a much earlier period than in Bengal into which these ferns continued to 

exist: or the flora of the Godavari basin had not been subjected to the same influencing 

causes, resulting in a marked change in its character, which in Bengal led to the well- 

defined separation as to fossils of the Panchet and upper groups of the Damudd rocks 

(Raniganj). I am disposed to think that, viewed in a very general way, it gives the truer 

representation of the facts to consider these local rocks, notwithstanding their contained plants, 

as belonging rather to the Panchet series them to the Damudd. And there is one very im¬ 

portant practical reason for this also, inasmuch as no workable coal has yet been found in 

either of these groups, while it has invariably been seen to occur where rocks of the un¬ 

doubted Damridd ago arc developed. 

A local name was provisionally given to these rocks by Mr. W. Blanford, who fii'st 

examined them, and as this has been published (although unintentionally), it may be retain¬ 

ed as a useful sub-division. One of the largest areas of these rocks in the Nagplir 

country is close to the important military station of Kamtlil, and from this circumstance 

Mr. Blanford spoke of them as the Kdmthi beds. They consist, lithologically, of hard 

compact gritty sandstones, fine variegated sandstones, coarse loose-textured sandstone, very 

fine-grained deep and bright red and buff argillaceous or argillaceo-silicions sandstones, and 

hands of hard very ferruginous pebbly grits. 

These rocks cover an area of about twenty-five miles long from north-west to south¬ 

east near Kamthi (Kamthi to Kelod), and at the broadest parts (near Patansaongi) 

about eight miles wide. Over a large portion of this area the rocks are concealed by thick 

alluvial deposits, hut they are well seen at Kamthi, Silewara, Bhokara, and south and 

south-east of Patansaongi, &c. A small area of the much older Tdlchtr rocks is seen north¬ 

east of Bhok&ra, and a small hill north-east of Patansaongi. Two other localities where 

these rocks are seen have been exposed within the area of the trap-rocks, these having been 

removed by denudation. One—the larger of the two—is close to Bob dr and Bazsirgaon, 

about fifteen miles from N flgpfir on the road to Amraotf. The rocks here are of the 

same type, but becomo more conglomeratic towards the top than Is seen near Nagpur. The 

other inlier of these rocks is about thirty-six miles north-west of Nagpfir, near the village 

of Chorkheri. The rocks extend over an area of only about six and a half square miles 

in all. There,is also anothor very small patch not a mile long near Khdtkheri, about one 

mile south-east of the other. 
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Passing further southward similar rooks are more widely developed in the Chanda 

district, and cover a large area, concealing the underlying Bardhar beds ; there the rocks 

are, as a whole, less fine-grained than in the neighbourhood of Nagpur, and the tendency to 

become more conglomeratic in the upper hods of the group is still more markedly exhibited 

than in the case already noticed. In this field also they appear to he closely connected with, 

and to pass up into a great thickness of bright red clays with thin-bedded sandstones, which 

belong undoubtedly to the Panchet series—well seen in the Wardha about Porsa and in 

the country round, giving additional evidence of the connection of the two groups. These 

rocks—the Kamtlii beds—yield in many of their beds admirable building stones, while others 

of a coarser texture are used as millstones or querns. Quarries exist at Karnthf, Silewara, 

Bhokara, &e., also in the Chanda district, but owing to the comparative poverty and sparse¬ 

ness of the population, they are here less worked than in the Nagpur country. The white 

ai'gillaceous band which is used near Chauda town, and which can he traced for miles along 

the country, is very even in texture, and can be carved into very minute forms of ornaments 

(a kind of work which is very skilfully done at Chanda), but it is rather soft. The beds, 

excepting the hard ferruginous pebbly grits, are not, generally speaking, very compact, and the 

surface of the ground becomes covered with loose sand resulting from their disintegration. 

The soil on these, except where they are covered by the alluvial deposits, is pour and little 

cultivated, almost the whole of this tract being covered with jun gle. 

The fossils found in these Kdmtlvi beds have been noticed above. The fine sandstones 

of Karnthf, Silewara, &c., have yielded very beautiful and numerous specimens of the large 

Glossopteris Browniana,—a fossil-fern common in the coal-bearing rocks of Bengal and 

also in those of Australia. Similar fronds are found, but more rarely, in the finer beds of the 

vicinity of Chauda. 

We have noticed these so-called Kdmtht beds a little more in detail than their relative 

importance in a general sketch would justify, because of their local development, and of the 

interesting fossils which they contain. 

In ascending order the next important series of rocks is that to which the name of 

Panchet has been given. This, which is a very 
Panchet series. w u 

extensive formation in Bengal and in the country 

intervening between that and Jabalpur, is not so largely developed in the Central Pro¬ 

vinces. Indeed there is still much doubt as to the true limits and true parallel of many of 

the rocks which would probably at first be classed under this group. There is another 

peculiar feature: in the Bengal coal-fields, the so-called Low tar-Panchet group, consisting 

principally of red days, with fine-grained, thin-bedded, often calcareous sandstones, both of 

red and greenish white colours, forms a sot of beds of very considerable thickness and 

wide extent. But on passing to the west this group rapidly disappears and soon seems to he 

entirely wanting, while the Upper Panchet group, consisting chieily of coarse red con¬ 

glomerates, &c., with numerous ferruginous hands, becomes more largely developed, and 

constitutes almost the whole of the series. Still further to the west, however, as in the 

ChhindwarS fields near Umreth, these red-clays and thin-bedded fine-grained sandstones 

recur with a considerable development. And similar beds cover a large area on the south of 

the Chanda coal-field (Porsa and all the country around), aiid also appear in other minor 

patches throughout the Chanda field and in Berar. These pass upwards into coarser beds, 

pebbly and conglomeratic, and it is not an easy task to make out the exact relation of these 

to the adjoining rocks in a country so very much covered as is the greater part of the 

Chanda district. Similar rocks are seen again further south (Maledi), and here, as at 

Man gif to the north of Chanda, have yielded organic remains, which establish with 

tolerable accuracy their true position in the general European scale of geological formations. 
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Several forms of Labyrintlioclont reptiles from the Lower Panehet rocks of Bengal 

remains of the very remarkable genus" Dkynadon, previously only known from South Africa, 

and abundance of Estherice (small hivalved crustaceans) mark the fauna of the time in 

Eastern India. In the Central Provinces similar Estherice and a remarkable reptile 

(Brachyops latieeps) have been obtained from Man git thirty miles north of Ch&nda, 

while the red clays of Maledi afford numerous remains of the very curious and interesting 

ITyperodapedon, Belodon, and some Labyrinthodont fragments also. There is a high proba¬ 

bility that the rocks at these different localities are all truly on or about the same geological 

liorkon (a fact which can only be satisfactorily established by detailed and careful 

observation), and that that horizon represents in Indian geological homotaxis the period of 

the Trias of Europe. 

In the vicinity of Jabalpur and stretching down the valley of the Narbada to the 

Sher river, and a little beyond, and forming also 

a narrow outcrop fringing the general line of the 

trappean boundary to the east and north of Jabalpur, a distinct group of rocks was recog¬ 

nised by Mr. J. G. Medlicott in 1856-57. This limited group of beds is partially coal-bearing, 

and from this fact and from certain other obscure relations, it was at first designated under 

the inappropriate name of Upper Damudd, with which series it was, pending 

further inquiry, supposed to be connected, while the fossil plants which it imbedded were 

closely allied to those occurring in the Jurassic beds of Itajmahal and Cutoh. Subsequent 

inquiry showed that there was really no ground for supposing any connection of these beds 

with the true Iiamudd as parts of one formation, and the name Jabalpur group was 

substituted for Tipper Damudd. 

At about 100 miles to the north-east of the Narbada coal basin the boundary of 

the plateau of trap-rocks recedes south-eastwards, and the narrow outcrop of these Jabalpur 

beds expands here into the open ground of South Rowa; there the Jabalpur shales and 

silt beds were found passing upwards into massive sandstones (at Bandogarh) so generally 

identical with the rocks of the great Mahadeo hills, that they were at once accepted as 

their representatives ; while below the Jabalpur shales overlaid strong pebbly sandstones 

and conglomerates, which again in the southern part of the same area rested upon a coal- 

bearing group, recognisable at once by its contained fossils and general character as repre¬ 

sentatives of the Damudd series. The Jabalpur beds have not as yet been traced with any 

care in other districts, and I am unable to state their true limits. Their contained fossils 

point distinctly to a Jurassic age aud to the lower part of that great period. In the 

N arb a da nothing but plant-remains have been found. We may, however, although the 

connection has not been traced, point to the remarkable beds near Not a—about five miles 

from Si r on cli A—which have yielded several well-marked fish-remains (Lepidotus Deccan- 

easts, LEchmodus, Sfc.) considered as Liassic in their relations, as a probable representative to 

the south of the Jabalpur beds to the north. There are also some detached patches of rock 

which occur in the intermediate country which may be representatives of the same general 

age. The coal found in these Jabalpur beds is very irregularly developed (Sher river; 

L a m e t a - g h a t). It is jetty, and has much of the character of a true lignite; indeed iu 

many specimens the structure of the now-carbonised stems, of which a largo portion of it is 

made, is well preserved. It has been economised recently to a considerable extent by the 

contractors on the Great Indian Peninsula Kail way. But neither in amount nor in quality 

does it constitute a source of fossil fuel of any importance in a general view. I mentioned 

above, that immediately resting on the Jabalpur beds, where the succession is best seen 

(South Bewa), came the massive sandstones of B a n d og ar h, which were accepted as repre¬ 

sentatives of the great Mahadeo group, so well seen in the upper and magnificent scarps of 

the Pa cli mar hi hills (Central Provinces). 
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This Mahddeo group was first established after a brief examination of these hills in 

.,, , , 1856-57, and was shown to contain a vast thickness of 
Mahadeo beds. 

massive sandstones, with many ferruginous bands 

which appeared to be entirely unconformable on the Damudd beds forming the lower ground 

adjoining. Unfortunately the same name was applied to rocks in other places which showed 

an approximation to the same general character, and which appeared to stand in the same 

general relation of an entirely unconformable series above the Damudd rocks. It was from 

the first indicated that these Mahddeo rooks would require further examination. The 

progress of geological investigation in India has since shown the necessity also of greater 

sub-division than was at first apparent. These Mahddeo rocks, with the exception of a few 

badly-preserved and generally large stems, are, so far as known, untossiliferous, and have 

therefore not attracted quite as much attention as some of the other series I have noticed. 

This absence of fossils also, and the detached, or comparatively detached, positions in 

which the Mahddeo rocks occur, have rendered the question of their geological age more 

difficult than it would have otherwise been.* Mr. W. Blanlbrd, carrying up his examination 

of the country from the west, gave some good reasons for supposing that the Mahddeo 

beds were the continuation and expansion of the cretaceous sandstones found near Bagh 

iu the western Narbada. A similar general conclusion had been suggested by Mr. Hislop 

previously, hut without much proof. On the other hand, it is right to state that Mr. 

Medlicott, working up from the east, saw reason for supposing that the Mahddeo beds in the 

Narbada districts, which he presumed to he truly representative of the Bandogarh rocks 

in South Bewa (and as a subordinate member of which ho considered the Jabalpur beds), 

were at the same time only an upward extension of the same uninterrupted succession of 

deposits, which elsewhere had been justly believed to belong to the Panchet series. 

It will be seen from this that the true positiou of these beds has not as yet been fixed. 

When first examined it was by mo supposed that they, including the Lametd group (to which 

we shall presently refer), represented the lowest portion of the tertiary period. The Rev. 

Mr. Hislop, whose untiring exertions have done so much to elucidate the pala-ontological 

history of the Central Provinces, was disposed to view them as below all the tertiary deposits, 

and as representing in India the upper portion of the eretaeeous epoch of Europe—a view 

strongly confirmed by Mr. Blanford, who was disposed to put them only a little lower in the 

series, while Mr. Medlicott would now make them much more ancient, and would place them 

in the same sub-division as the Jabalpur beds, which latter are probably on the horizon of 

the Kota beds—that is, he would consider them Lower Jurassic.^ As stated, the question 

cannot at present (January 1870) be definitely settled. 

When first examining the Narbada valley Mr. J. Gr. Medlicott distinguished in the 

country fringing the river to the south, and between 
Zametd beds. ,, , , . , ... , T , , . . 

the Mahadeo Luis and Jabalpur, a senes-oi well- 

marked beds, which he was then disposed to consider as the uppermost group of the 

Mahddeo formation, and to which he applied the local name of Lameta. These Lametd 

beds consisted chiefly of whitish earthy and silicious (cherty) limestones or calcareous muds, 

often a good deal indurated. These sandy calcareous beds formed only a thin band im¬ 

mediately underlying the trappeau rocks. Further and subsequent examination, extending 

more to the east, proved that this hand was entirely independent of the rocks below it, with 

* The statement originally made that a very perfect, specimen of a true Areheffomunts found under the Pach- 

marlii hills had been obtained from these rocks, was at once refuted by the mineral character of the rock in which 

it was imbedded. It was from the Damudd beds below. 

t The Rijmah&l group of Bengal would in this view be of course younger than the Mah dddva of the 
Central Provinces. 
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which it was associated, inasmuch as, following the trappean boundary to the south-eastwards, 

the Lameti'i group was found to accompany the trap-rock steadily and to rest indiscriminately 

upon all rocks, from the gneiss up. It was therefore clear chat it must be viewed as entirely 

separate from the great Maltadeo series, and as intimately connected with the overlying 

trappean rocks. As noticed above, these lametd beds consist chiefly of cherty and gritty 

limestones, with subordinate beds of a nodular limestone, loose greenish sandstone, and 

purplish or greenish argillaceous beds either sandy or marly. They have been traced 

considerably south of Nagpur, and thence at intervals l’ound by the trappean boundary to 

Jabalpur, and down the Narbada valley to near Hoshau gab ad. If Mr. Blanford’s 

views be supported by further examination, the limit must he carried very considerably 

to the west to the Punas ft and tlie Dhar forest. In all oases, too, the trap-rocks, where any 

section is seen, appear to rest quite conformably or continuously on these Lametd beds, 

and beds which cannot be distinguished from them mineralogically are frequently met with 

interstratified with the traps (as near Nagpur and between Nagpur and Jabalpur). 

Intortrappean series. 

These remarkable sedimentary beds intercalated with the traps of the Deccan and Malwa 

areas have received much attention. They con¬ 

stitute the Intertrappean series of 1 Galop, and aro 

interesting from their fossil contents, as well as their mineral character and peculiar stra- 

tigraphical position. It would be out of place hero to enter into any discussion of the 

various explanations which have been given of these. It must suffice to say that both 

in their lithological character [calcareous muds]; in their distribution [local and irregular 

lenticular masses, not extending laterally to any great distance]; in the fossils contained 

[fresh-water and lacustrine shells, fragments of plants, &c.], and in their occurrence in¬ 

variably between the successive flows of trappean rock, the upper surface in all cases being 

the only one really indurated or altered by the contact of the igneous, heated mass, they 

indubitably point to their origin in the small and irregular deposits in lakes or pools of 

varying size, tranquilly thrown down during the intervals of the successive flows of the 

lava, which now forms the great covering of this immense volcanic region. And I believe 

that the true explanation of the Lametd beds of which I have just been speaking, is that 

they were deposited in a similar way in more widely-extended lacustrine areas, previously 

to the commencement of the great outbreaks of lava. It need not detain us here to in¬ 

dicate the apparently long interval of time which elapsed during the outflowing of theso 

successive lava streams, nor to point out how entirely different in age the intertrappean 

beds of the upper part of the series (Bombay, &c.,) may bo from those which accompany 

the lower and older flows. None of these very much newer beds occur within the limits 

of the Central Provinces. 

The geological epoch of these intertrappean beds seems to bo tolerably well established 

as belonging to the tEocene period of European geologists; it being just possible, that the 

lower beds of the lametd group may represent a part of the upper cretaceous time. The 

evidence against this supposition of Mr. W, Blanford seems, however, decidedly stronger 

than that in its favour. 

The wondrous features of the great trappean country of the Deccan which extend over 

so large a portion of the surface of the Central Pro- 
Deccan trap features. . , , , 

vmccs, have been well described by many observers. 

The immense area covered continuously by these volcanic rocks; the enormous accumula¬ 

tion of horizontal, or nearly horizontal, layers of basaltic rocks; the distinct separation into 

beds, or stratification; the peculiar physical features,—massive flat-topped bills with sharp 

precipitous scarps ; the abundance of beautiful zeolites and other minerals, and the occur¬ 

rence of those curious intercalated beds, containing fresh-water fossils, which I have just 
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mentioned, could scarcely escape the notice of any observer. I have already briefly alluded to 

the general distribution of these rocks, so far as the Central Provinces are concerned, and 

shall not therefore delay further than to refer to the labours of Malcolmson, Newbold, Grant, 

Carter, Hislop, Medlicott, Blanford, &e., for more detailed discussions of this extraordinary 

series, which extends, or has extended, certainly over an area of 10 degrees of latitude by 

15 to 16 of longitude. “ The area covered by them in the Peninsula of India can be little 

“ fcss than two hundred thousand square miles.” Their limited extent within the bound¬ 

aries of the Central Provinces is therefore but a very small fraction of their entire area. 

Of deposits later than the trappean rocks there is a great variety and an immense area. 

These would include all the soils of the present sur- 

Post-trappean deposits. face with their numerous modifications and varying 

agricultural value. 

Laterite occurs in detached areas in Sagar and adjoining districts; it covers a consi¬ 

derable space in the north-east of Jabalpur district, and is found at intervals passing to 

the south in Chanda, where it covers extensive areas in the eastern and north-eastern 

portions. It presents all the usual characters of this deposit, but nowhere within the Central 

Provinces attains that great thickness and massiveness which admit of its being freely used 
for building purposes. 

The older gravels and clays of some of the river valleys would appear to be next in 

_ , succession. These have been the object of more 
Tertiary conglomerates. „ •' . 

careltil study, ou account of the numerous remains of 

large animals, as well as ordinary shells, of which some of the beds contain locally in large 

number. The largest continuous area of these ossiferous gravels aud clays is found in the 

Narbada valley, along which they extend in unbroken continuity for more than a hundred 

miles from the falls of the ‘ marble rocks’ near J abalpth- to below H oshango bad. They 

also occur in the hanks of the river both above and below these limits. Very similar depo¬ 

sits are found forming the banks and often the beds of the upper feeders of the Godavari'— 

the Wardhii, Painganga, &c.—and in the Godavari itself; and here also they locally 

contain a large number of bones, sub-fossilised, the remains of animats which existed at 

the period of their deposition. The valleys of these streams are, however, by no -means so 

well defined as that of the Narbada, and the limits of the ossiferous gravels and clays are 

not easily fixed. The gravels are for the most part cemented into a conglomerate of toler¬ 

able hardness by the infiltration of carbonate of lime, and these beds might not imfrequently 

be mistaken for conglomerates of greatly older date on a cursory examination. There is, 

however, one fact which enables them to he readily distinguished, and that is the abundant 

presence in them of rolled pieces of the trappean rocks—of numerous agates, pieces of 

bloodstone, &c., which at once prove them to have been post-trappean in their origin. The 

immense variety and abundance of these pebbles also abundantly indicate the vast denuda¬ 

tion to which the trappean rocks have been subjected since their outflowing and deposition. 

In general character these deposits in their lower portions consist of gravels and sands, 

_ , frequently, as mentioned, cemented together much 
Ossiferous gravels. . , 

m the same way as a concrete is, and sometimes so 

hard as to be quarried for building. Towards the base the clays become sandy and pebbly. 

Sandy beds occur even in the clays, aud irregular deposition and oblique lamination (false- 

bedding) are frequent—indeed so frequent as to be almost the normal condition. It is not 

easy to arrive at any just conclusion as to the thickness of these deposits. Actual sections 

of more than fifty feet in thickness are occasionally met with, but twenty to thirty feet are 

the more ordinary limits. The greater portion of the deposits is generally clay, the coarser 

beds being chiefly confined to the portion near the base. Fossil hones are not generally 
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abundant, but locally considerable numbers have been met with. Shells are not uncommon, 

and they appear to be all of species now existing in the rivers. These beds are obviously of 

fresh-water origin, and were in all probability the fluvio-lacustrine deposits of the rivers 

themselves, at a time when the levels and areas of their valleys were very different from those 

now existing. 

It is not intended to give here a complete list of the organic remains found, which would 

belong rather to a detailed description. But the very remarkable admixture of existing 

and extinct forms which these deposits exhibit must be noticed; for along with well-pre¬ 

served remains of Hippopotamus, Rhinoceros, Mastodon, peculiar forms of JSlephas, and 

very remarkable Bovines (which, if not identical with European forms, approximate so closely 

that nothing but the most miuuto distinctions can he made, while they are entirely distinct 

from any present Indian forms), are found equally well preserved remains of animals still 

existing in the country. The not uncommon tortoise* (Emys \Pangshurd] tecta) is found 

quite as fossilised in these beds as any of the other l-emains, and yet the species still lives in 

the valley itself. The imbedded shells, too, are all of species still living, and the evidence 

is conclusive that the change from the condition under which Hippopotami wallowed in 

the muds, and Rhinoceros roamed in the swampy forests of the country, where Mastodons 

abounded, and where the strange forms of the Sivatherium, Dinotherium, Camelopardalis 

existed, has been one of continuous and gradual alteration, unmarked by any great breaks 

or vast changes in climate. In the general series of successive epochs into which the geo¬ 

logical periods distinguished in Europe have been classified, these ossiferous gravels and days 

would seem to mark the upper portion of the Miocene and the Pliocene-, while, with 

unbroken succession, and with nothing more than local change or break, these Pliocene beds 

pass upwards into the deposits now being formed. We thus find that numerous forms 

of animals, which are now contemporaries of man, existed at this very early period cotem¬ 

porary with numerous forms of the larger animals now utterly extinct in this country. 

Was not man also eotemporary with these now extinct animals ? As I have now endea¬ 

voured to show briefly, there is no physical break in the long series that would account for 

the destruction of these species ; there is not a shadow of proof that the country was not 

then, as now, fitted for the abode of man. And although no human remains have yet been 

fouud, there is not a single fact which would lead to the conviction that man could not 

have existed and lived under the conditions which then prevailed. In this point of view, 

the discovery—although not in the Central Provinces—of a well-formed agato knife,f which 

had obviously becu in use, and which was undoubtedly shaped and made with an intelligent 

purpose, in gravels of the same age as these ossiferous gravels of which we have been speak¬ 

ing and also containing remains of large animals, becomes one of the highest interest, as 

giving some amount of positive proof of the existence of man at this early period (Pliocene). 

Of a later date, and scattered through the upper soils of large areas, flint (or rather 

agate) knives, agate cores, from which these knives 

have been chipped off) and numerous forms of 

artificially-shaped agate implements, have been met with in the Narbada and Nagpur 

country. And of a later date still, and invariably iu the surface-soils, or taken out of these 

soils and brought together under trees, or at the rude shrines of the forest races, a large 

number of well-shaped and polished celts, axes, and other shaped stone implements have been 

found in the Central Provinces. The most remarkable fact perhaps connected with these 

implements is the identity of form and of design which they exhibit when compared with 

those found abundantly in Northern Europe—an identity common to both forms of these 

stone antiquities, the rudely-chipped and almost undressed, or, as they have been called, the 

Palaeolithic, and the more finished and polished, or Neolithic, types. 

Stone implements. 

* See Records Geological Survey of India, 1869, p. 36. t Ibid, 1868, p. 65. 
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The Central Provinces present many localities peculiarly likely to throw light, if carefully 

studied, on this intensely interesting question—the antiquity of man. But such inquiries 

can only he satisfactorily carried out by those who are long resident in the immediate 

vicinity, and can therefore watch the constant changes which occur, and take immediate 

advantage of any opportunity which may present itself. 

Saline sands and clays. 

Beneath the recent conglomerates and ossiferous gi'avels of a large portion of western 

Chanda is a well-marked deposit of brownish-yellow 

sand or clayey sandstone. This is seen over many 

miles of the country wherever the streams cut through the upper beds to any depth. It is 

not at all improbable that it may prove to be of different geological age, and quite distinct 

from the beds resting on it. No good sections have yet been seen, It is specially noticed here 

inasmuch as it contains a certain amount of salt, which is thrown out as au efflorescence 

where this loose sandstone is exposed to the weather, and produces miry places always wet 

and soft, and often difficult to cross. In connection with this deposit we may recall the 

occurrence of beds very low down in the alluvium, or below it, all containing a considerable 

quantity of common salt, in the Berar alluvial plain not far to the west of Chanda. Into 

this salt-hearing stratum wells are sunk for the extraction of brine, from which much salt is 

obtained. I am not aware of any brine-wells in the Chanda district, but this deposit 

contains a considerable amount of common salt, although much mixed with impurities, chiefly 

sulphate of magnesia (Epsom salts).* It is not impossible that the presence of common 

salt in sensible quantities may indicate that the clays containing it have had a marine origin, 

and are thus quite distinct from the beds which rest upon them. 

To treat of the more recent alluvial deposits of the country would involve rather more 

of agricultural than geological questions, and I would 

leave such to others more competent to enter upon 

them. 

Surface soils. 

The black soil or regar, or as it is not uncommonly called the ‘ cotton soil,’ forms one of 

the most marked varieties in these provinces. It is 

the common soil of the Deccan, MAIw&, Narbada 

valley, &e. It varies greatly in colour, in consistence, and, with these, in fertility, hut 

throughout is marked by the constant character of being a highly argillaceous, somewhat 

calcareous clay, being very adhesive when wetted, and from its very absorbent nature ex¬ 

panding and contracting to a very remarkable extent, under the successive influence ol 

moisture and dryness. It therefore becomes fissured in every direction by huge cracks in 

the hot weather. It also retains a good deal of moistuve, and requires therefore less irri¬ 

gation than more sandy ground. The colour of this soil, often a deep and well-marked 

black, with every variation from this to a brownish-black, would appear to he solely due to 

an admixture of vegetable (organic) matter in a soil originally very clayey. Thus deposits 

of precisely the same character as this regar are being formed now at the bottom of every 

jhtt in the country, and throughout the very area where the regar is best marked, it is not 

by any means an uncommon thing to find the slopes of the small hills or undulations formed 

* Two specimens of salt ronghiy prepared from this sandy clay by lixiviation and evaporation were assayed at 

the Geological Survey Office, and yielded— 

Chloride of sodium ... ... ••• ••• -• 82-89 87'58 

Sulphate of magnesia ... ... ... ... ••• 1602 1186 

Clay atid organic matter ... ... ... ••• 160 1‘40 

The first of these was obtained from what is called the white chopan soil; the second was from the dark 

chopan soil. 
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of more sandy reddish soil, while the hollows below consist solely of the finest regar. This 

appears to be due to the more argillaceous and finer portions of the decomposed rocks below 

being washed away by ordinary pluvial action from the slopes and accumulated in the 

hollows, where this finer mud forms a soil much more retentive of moisture, and which 

therefore rapidly becomes more impregnated with organic matter, and is often marshy. 

Regar can thus be formed wherever a truly argillaceous soil is formed: and its general, 

but by no means universal, absence over the metamorphic and other rocks is easily accounted 

for by the fact that theso rocks for the most part yield sandy, not clayey soils. It is never 

of any very great depth, and, excepting when re-arranged by rivers in their recent deposits, 

it is therefore never met with at any great distance below the surface. 

Obviously formed from the re-arranged wash of the older and more widely-extended 

soils we find large areas of very fertile soil, consisting of clays rather more saudy than the 

older alluvium, and not therefore so black or adhesive. Though rarely formed altogether 

of the true regar soil, it frequently contains a large proportion of this, mixed with other 

clays and sands. Every intermediate form of soil occurs, and it would by no means be an 

easy task to distinguish them all. In an agricultural point of view, it is interesting to seo 

how exactly the limits of certain kinds of cultivation coincide with the limits of these 

marked varieties of the alluvial deposits of the country—facts which the local officers will 

doubtless be able to illustrate more fully than I can. 

The preceding sketch has necessarily been of the briefest and most general character. 

Those who desire to study tho geology of the Central Provinces in greater detail may refer 

to the many papers more or less immediately bearing on this country—of Maleolmson, 

(Transactions, Geol. Soc., Lond.); Ilislop (Journal of Asiatic Society, Bengal; Journal of 

Bombay Branch Royal Asiatic Society; Quarterly Journal Geological Society, Loudon); 

Medlicott, Oldham, Blanford, Theobald, (Mem. Geological Siuwey of India; Records Geolo¬ 

gical Survey of India), iu which full details will he found so far as the country has yet been 

examined carefully. 

I shall also leave the discussion of the economic value of the several rocks to the detailed 

statements of the local officers, who have infinitely better opportunity of knowing how and 

to what extent such materials are economised within their’ own districts. I have solely 

attempted to give as briefly as possible a general connected outline of the successive formations 

known to occur within the limits of the Central Provinces, trusting that this outline may be 

filled in with greater detail by future researches. 

N. B.—The following papers hearing on the Geology of the Central Provinces have been 

published since the foregoing was written:— 

The coal-field near Chanda, Central Provinces.—Records, Geol. Surv., India, 1869, p. 94. 

Lead in Raipur district, Central Provinces.—Bnd, p. 101. 

On the lead vein near Chioholi, Raipur district.—Ibid, 1870, p. 44. 

The Wardha river Coal-fields, Berar and Central Provinces.—Ibid, p. 45. 

Coal at. Korba in Bilaspur district.—Ibid, p. 54. 

Mohpani Coal-field.—Ibid, p. 63. 

Lead ore at Slimanabad, Jabalpur district.—Ibid, p. 70. 

Coal east of Cbhattisgarh iu country between Bilaspur and Rancbi.—Ibid, p. 71. 

The plant-bearing sandstones of the Godavari valley; on the southern extension of rocks 

belonging to Jibe Kamila group to the neighbourhood of Ellorc and Ilajamandri, and on 

possible occurrence of coal in same direction.—Ibid, 1871, p. 49. 
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Additional Note on the Plant-beabing Sandstones of the Godavabi Valley, 

by W. T. Blanfobd, F. G. S., Deputy Superintendent, Geological Survey of India. 

Since writing the paper in this volume of the “ Records,” p. 49, I have found that 

the occurrence of sandstone near Ellore was mentioned by Voysey, Jour. As. Soc., Bengal, 

Vol. II, 1833, p. 400. Both Voysey and Walker refer in several places to the occurrence 

of sandstone in the valley of the Godavari below Sironcha, so that Wall was not the first to 

make it known, although he appears to have been the first who explored its extent on the 

river hanks. In explanation of my mistake, I should mention that my paper was written 

when I was encamped on the Godavari without a single hook of reference available. 

I have also ascertained that the sandstone which extends to the neighbourhood of Ellore 

is connected with the large tract to the north-west hy a narrow strip about six miles broad 

to the west of Palnncha, thus confirming Voysey’s statement on the authority of a 

Mr. Ralph (Jour. As. Soc., Bengal., Vol. XIX. p. 290). The sandstones, therefore, extend, 

apparently without a break, from Mangli and Phizdura, 60 miles south of Nagpiir, to within 

a few miles of Ellore, or nearly 300 miles in a direct line. 

The boundaries of this enormous tract are in many parts most imperfectly known : by 

far the greater portion of the area consists of rock in which no trace of coal has hitherto been 

detected, and in which the occurrence of the mineral is highly improbable. It is along the 

edges that there is the best chance of valuable discoveries being made. 

Since writing the paper above alluded to, I have visited Alapali, a village about thirty 

miles west of Bumagddem on the Kinarswami stream, at which I had been informed by one 

of the officers of the Nizam’s Government, the Naib of Naganienpol, that some coal had been 

discovered. Mr. Vanstavern, Executive Engineer of Dumagudem, had, at my request, sent 

some specimens of the coal found at Lingula to the Naib for distribution amongst the minor 

officials, and for enquiry as to the occurrence of a similar mineral throughout the great 

sandstone country on the right bank of the Godavari. This resulted in a report of the 

occurrence of coal near Alapali, hut on visiting the spot, I found that all which had been 

found consisted of fragments brought down hy the stream. I had not time to trace these to 

their source, and this was the less necessary, as I found that an officer of the Nizam’s Govern¬ 

ment had been sent from Warangal in order to do so. I have since been informed by the 

Tehsildar of Kamarmet that the spot has been found. It is some distance to the east of 

Paikhal on the confines of the Kamarmet and Warangal Sircars. This discovery will not 

be of much value at present if any permanent supply can be found on the Godavari below 

the second barrier, but should no such supply exist, the locality near Paikhal will be well 

worthy of attention. The fragments of coal found in the Kinarswami aro shaly and of 

inferior quality, but where this exists better coal may, of course, bo found. 

DONATIONS TO THE MUSEUM. 

Mallet, F. R., Esq.—Two crystals of Zircon and one of Sapphire from Ceylon. 

„ „ „ Specimen of the rock of which Pompey’s pillar is constructed. 

Tubneb, T. II., Esq.—A tazza carved in coarse serpentine. 

Heyne, C., Esq.—Two ancient copper instruments found in a bamboo bush near Kurhurbari. 

Museum of Paleontology, Munich.—A collection of casts of Solcnhofeu Vertebrata. 

A collection of Kinetic fossils. 
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Agassiz, L.—Scientific results of a journey in Brazil. Geology and Physical Geography of 

Brazil, by C. F Hartt, 8vo., 1870, Boston and London. 

Angelin, N. P.—Palseontologia Scanditiavica, Parti. Crustacea Formationis Transition^, 

4to., 1851, Lipsiffi. 

Argyll, Duke of.—The Reign of Law. 8vo., 1870, London. 

Basteri, Jobi.—Opusoula Subseciva, observationes raiscellaneas do animalculis et plantis 

continentia, Vols. I-II, (1762,) 4to„ 1762, Haarlem. 

Bcettger, Oskar.—Beitrag zur palmontologisehen und geologisclien Kenntniss der Tertiar- 

fonnation in Hessen, 4to., 1869, Offenbach. 

Brander, Gustav.—Fossilia Hantoniensia colleeta et in Musam Britannico Deposita, 4to., 

1766, Londini. 

Braun, F.—Verzeichniss der in der Kveis Naturalien-Sammlung zu Bayreuth befindlichen 

Pctrnfacten, 4to., 1840, Leipzig. 

Catalogue of Scientific Papers published by the Royal Society of London, Vol. Ill, (1869,) 

IV, (1870,) 4t0„ 1869-70, London. 

Catlin, Geo.—The Lifted and Subsided Rocks of America, 8vo., 1870, London. 

Catullo, Tomaso Antonio.—Dei Terreni di Sedinieuto Superiore delle Venezie e dei Fos- 

sili Bryo-zoari, Anthizoari e Spongiari ai qnali danno Ricetto 

Memovia, 4to., 1856, Padova. 

Costa, Prof. 0. G.—Palaeontologia del Regno di Napoli continente la Descrizione e figura 

di tutti gli avanzi Organici Fossili, Pts. I-II, (1850.) 4to., 1850, 

Napoli. 

Description de l’Egypte, Vol. XX, (1825,) XXI, (1826.) 8vo. Geol. et Miner, with plate, 

folio, 1825-26, Paris. 

Deshayes, M. G. P.—Description de Coquiilos Caractdristiques des Terrains, 8vo., 1831, 

Paris. 

Dollfus, A., and Mont-Serrat, E. de. —Mission Scientifiqne an Mexique et dans L’Ameriqne 

Centrale. Geologic. Voyage Geologique dans Republiques de Guate¬ 

mala et de Salvador, 4to„ 1868, Paris. 

Donaldson, J.—Report on the utilization of iron-making materials in the neighbourhood 

of Hazareebaugli by means of convict labour, fisc., 1870, Calcutta. 

V. Ball, Esq. 

Fcetteiile, Franz.—Das Vorkommen, die Production und Circulation des Mineralisehen 

Brennstoffes, 8vo., 1870, Vienna. The Author. 

Foiiwood, AV. Stump.—An Historical and Descriptive Narrative of the Mammoth Cave of 

Kentucky, 8vo., 1870, Philadelphia. 

Fraas, Dr. Oscar.—Die Fauna von Steiuheim, 4to., 1870, Stuttgart. 

Fritsch, K., v.-Reiss, AV., and Stubel, A.—Santorin. The Kaimeni Islands, 4to., 1867, 

London. 

Gras, Scipion.—Statistique Miueralogiqne du Departement de la Drome, 8vo., 1835, 

Grenoble. 

Hayden, De. F. V.—Geological Report of the exploration of the Yellowstone and Missouri 

Rivers, 1859-60, 8vo., 1869, Washington. 

Hay'den, F. V.—Preliminary Field Report of the United States Geological Survey of 

Colorado and New Mexico, Svo.. 1869, Washington. 

Hind, Henry Youle.—Report on the Sherbrooke Gold District, with a Paper on the 

Gneisses of Nova Scotia, 8vo.. 1870, Halifax. 
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Hitchcock, Edward—Report on the Geology, Mineralogy, Botany, and Zoology of Mass¬ 

achusetts, 8vo., 1833, Amherst. 

Holmes, F. S.—Phosphate Rocks of South Carolina and the Great Carolina Marl Bed, 

8vo., 1870, Charleston. 

Irvine, Ass. Sueg. Robert Hamilton.—Some account of the General and Medical 

Topography of Ajmeer, 8vo., 1841, Calcutta. 

Jenkins, Richard. Report on the Territories of the Rajah of Na^pore 4to. 1827 
Calcutta. 

Lapeieouse, Picot de. Description de plusieurs nouvelles especes d’Orthoceratites et 

d’Ostracites, fol. 1781, Erlang. 

Lyman, Benjamin Smith—General Report on the Punjab Oil Lands, fisc., 1870, Lahore. 

Morris, John, and Jones, T. Rupert—Geology, 8vo., 1870, London. 

Palmer, Dr. C., Murray, Capt. W. G., and Ball, V.—Report on the Hill of Mahendra- 

giii and the Is alive Port of Barwali, in the Ganjam District of the 

Madras Presidency, flsc., 1870, Calcutta. Dr. C. Palmer. 

Pidgeon, Edward.—The Fossil Remains of the Animal Kingdom, 8vo., 1830, London. 

Eeynes, P.—Essai de Geologie et de Paleontologie Aveyronnaises, 8vo., 1868, Paris. 

Roemer, Dr. Feed.—Geologie von Oberschlesien. With Plates and Atlas, 8vo., 1870, 
Breslaw, 

Schumann, Julius.—Geologischo Wanderungen durch Alt-Preusseu, 8vo., 1869, 
Konigsberg. 

Schvarcz, Julius—The failure of geological attempts made by the Groelcs from the 

earliest ages down to the epoch of Alexander, 4to., 1808, London. 

Sobrero, Ascanio.—Notizia Storica doi Lavori Fatti dalla classe di Scienze Fisiche e Mate- 

matiche della Eeale Accad. d. Scienze d. Torino, 1864-65, 8vo., 

1869, Turin. The Turin Academy. 

Thomsen, Julius.—Thermochemiske Underscegelser, IX, Underscegelser over vandige 

Oploesningers Varmefylde, 4to., 1870, Copenhagen. 

The Danish Academy. 

Ward, J. Clifton.—Ice, and a Geological Dream on Skiddaw, 8vo., 1870, London. 

Periodicals. 

American Journal of Science and Arts, 3rd ser., Yol. I, Nos. 1-4, 8vo., 1871, New Haven. 

Annales des Mines, 4th ser., Vol. VI, Liv. 5, 8vo„ 1844, Paris. 

Annals and Magazine of Natural History, 4th ser., Voi. VII, Nos. 37-41, 8vo„ 1871 London 

Annals of Indian Administration, Vol. XV, Pt. I, 8vo., 1871, Serampore. 

Government of India. 
Lastian, A., and Hartmann, R.—Zeitschrift fur Ethnologie, Band II, Heft 5-6 8vo 1870 

Berlin. 

Geological Magazine, Vol. VIII, Nos. 1-4, 8vo., 1871, London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, Nos. 9-11, 

4to., 1871, Calcutta. Government of India. 

Ivor,dewey, K., and Peteemann, A.—Die Erste Deutsche Nordpolar-Expedition, 1868, 

4to., 1871, Gotha. 

Leonhard, G„ and Geinitz, H. B.—Neucs Jahrbuch fiir Mineralogie, Geologie, und Palaj- 

ontologie, Heft, I—II, Svo., 1871, Stuttgart. 

Martini und Chemnitz.—Systematises Conchylien-Cabinet, Ed. X, Heft. 9, 4to., 1870, 

Nurnberg, 4to„ 1837-41, Nouchatel. 
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Petermann, Pi:. A,—Geographiscke Mittheilungen, Band XXVII, Nos. 1-4, 4to., 1871, Gotha. 

Pfeiffer, Pe. Louis.—Malakozoologisehe Blatter, Band XVII, Bg. 6-8, 8vo., 1870, Cassel. 

The London, Edinburgh, and Puhlin Philosophies! Magazine and Journal of Science, 4th 

Series, Vol. XLI, Nos. 270-74, 8vo., 1871, London. 

Government Selections. 

Bengal.—Vanrenen, Col. P. C., and Macdonald, Major J.—General Report on the 

Revenue Survey Operations of the Bengal Presidency, Upper and 

Lower Circles, for season 1869-70, Use., 1871, Calcutta. 

„ .—Westland, J.—A Report on the Pistrict of Jessore: Its Antiquities, History 

and Commerce, 8vo., 1871, Calcutta. Govt, of Bengal. 

Government of India, Home Pepartment. 

Bombay.—General Report on the Administration of the Bombay Presidency for 1869-70, 

8vo. Bombay Government.. 

British Buemah.—British Burmah, Foreign Department, (General,) Administration Report 

for 1869-70, 8vo., 1871, Rangoon. 

Government of British Burmah. 

India.—Selections from the Records of the Government of India, Foreign Pepartment, 

No. LXXXII, 8vo,, 1870, Calcutta. Government of India. 

„ Walker, Col. J. T.—General Report on the operations of the Great Trigonomet¬ 

rical Survey of India during 1869-70, Use., 1870, Pehra Poon. 

Home Office. 

Madras.—Selections from the Records of the Madras Government, No. XXII. Papers rela¬ 

ting to the Survey and Settlement of the Western Delta Talooks of 

the Godavery Pistrict, 8vo., 1870, Madras. 

Govt, of Madras, Home Dept. 

Journals, Transactions, 

Berlin.—Monatsbericht der koniglich Preussiseken Akademie der Wissenschaften zu Berlin, 

January to March, 8vo., 1871, Berlin. The Academy. 

Calcutta.—Journal of the Agricultural and Horticultural Society of India, New Ser., 

Yol. II, pt. II, 8vo., 1871, Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 3-6, 8vo., 1871, Calcutta. 

The Society. 

„ Records of the Geological Survey of India, Vol. IY, Pt. II, 8vo., 1871, Calcutta. 

The Survey. 

„ Transactions of the Medical and Physical Society of Calcutta, Vol. I (1825)— 

IX, Pt. I, (1815,) 8vo., 1825—45, Calcutta. 

Copenhagen.—Steensteup, J. J. Sm.—Oversight over det kongelige danske Videnska- 

bonies Selskabs Forhandlinger og dets Medlemmers Arboider i 

Aaret, 1868-70, No. 6, (1868,) No. 4, (1869,) No. 1, (1870,) 8vo., 

1868.70, Copenhagen. Danish Academy. 

Edinburgh.—Proceedings of the Royal Society of Edinburgh, session 1869-70, Yol. VII, 

No. 80, 8vo,, 1870, Edinburgh. The Society. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVI, Pt. I, 4to., 1870, 

Edinburgh. The Society. 
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Florence.—Bollettino R. Comitato Geologico D’ltalia, Nos. 1-4, 8vo., 1871, Florence. 

The Commission. 

Geneva.—Memoires de la Society de Physique et d'Histoire Naturelle de Geneve, Vol. I, 

(1821)—XIII (1854,) 4to., 1821-54, Geneve. 

Glasgow.—Proceedings of the Philosophical Society of Glasgow, Vol. VI. Nos. 2-4, (1866-68), 

Vol. VII, Nos. 1-2, (1869-70,) 8vo., 1866-70, Glasgow. 

The Society. 

London.—British Museum. A Guide to the Collection of Minerals, 8vo., 1870, London. 

Trustees, Be. Museum. 

„ Index to the collection of Minerals in the British Museum, 8vo., 1870, London. 

Trustees, British Museum. 

„ Catalogue ol the Collection of Meteorites exhibited in the Mineral Department of 

the British Museum, 8vo., 1870, London. 

Trustees, Br. Museum. 

” Butler, Arthur G.—Catalogue of Diurnal Lepidoptera described by Fabricius 

in the Collection of the British Museum, Svo., 1809, London. 

Trustees, Br. Museum. 

” Butler, Arthur G.—Catalogue of Diurnal Lepidoptera of the Family Saty- 

ridie in the Collection of the British Museum, 8vo., 1868, London. 

Trustees, Be. Museum. 

>> Gray, George Robert.—Catalogue of British Birds in the Collection of the 

British Museum, 8vo., 1863, London. Trustees, Br. Museum. 

>> Gray, George Robert.—Hand-List of Genera and Species of Birds, distin¬ 

guishing those contained in the British Museum, Pt. I, (1869,) 

8vo., 1869, London. Trustees, Br. Museum. 

” Gray, George Robert.—List of the Specimens of Birds in the collection of the 

British Museum, Pt. Ill, Section 3-4, 12mo., 1867-68, London. 

Trustees, British Museum. 

” Gray, John E.—Catalogue of Carnivorous, Pachydermatous and Edentate 

Mammalia in the British Museum, 8vo., 1869, London. 

Trustees, British Museum. 

” Gray, JonN E.—Catalogue of J4th0phyt.es, or Stony Corals, in the collection of 

the British Museum, 8vo., 1870, London. 

Trustees, British Museum. 

„ Gray', John Edward.—Catalogue of Seals and Whales' in the British Museum, 

8vo., 1866, London. Trustees, British Museum. 

,, Gray, John E.—Catalogue of Sea-Pens or Pennatularid® in the collection of the 

British Museum, 8vo., 1870, London. 

Trustees, British Museum. 

„ Gray, John E. Supplement to the catalogue of Shield Reptiles in the collection 

ol the British Museum, Pt. I, Testudinata (Tortoises), 4to., 1870, 

London. Trustees, British Museum. 

,, Gunther, Albert.—Catalogue of the Pishes in the British Museum, Vol. V, 

(1864,) VIII, (1870,) 8vo., 1864-70, London. 

Trustees, British Museum. 

„ Johnston, George.—A catalogue of the British Nun-Parasitical Worms in the 

collection of the British Museum, 8vo„ 1865, London. 

Trustees, British Museum. 
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London.—List of the Mollusca in the collection of the British Museum, Pt. II, Olividie, 

12mo., 1865, London. Trustees, British Museum. 

„ Walker, Francis.—Catalogue of the Specimens of Blattarise in the collection of 

the British Museum, 8vo., 1868, London. 

Trustees, British Museum. 

„ Walker, Francis.—Catalogue of the Specimens of Dermaptera Sanatoria and 

Supplement to the Blattarise in the collection of the British 

Museum, Pt. I, (1869,) III, 1870, 8vo., 1869-70, London. 

Trustees, British Museum. 

„ Walker, Francis.—Catalogue of the Specimens of Hemiptera Ileteroptera in the 

collection of the British Museum, Pt. I, (1867,) III, (1868.) 

Scntata, 8vo., 1867-68, London. 

Trustees, British Museum. 

„ Walker, Francis.—List of the Specimens of Lcpidoptorous Insects in the collec¬ 

tion of the British Museum, Pt. XXVII, (1863), XXX, (1861,) 

Crambites, Tortricites and Tineites, 12mo., 1863-64, London. 

Trustees, British Museum. 

„ Walker, Francis.—List of the Specimens of Lepidopterous Insects in the collec¬ 

tion of the British Museum, Pt. XXXI, Supplement I, (1864,) 

Pt. XXXV, Supplement V, (1866,) 12mo„ 1864-66, London. 

Trustees, British Museum. 

„ Wollaston, T. Vernon.—Catalogue of the Coleopterous Insects of the Canaries 

in the collection of the British Museum, 8vo., 1864, London. 

Trustees, British Museum. 

„ Journals of the Royal Asiatic Society of Groat Britain and Ireland, New Ser., 

Vol. V, Pt. I, 8vo., 1870, London. The Society. 

,, Royal Society. Philosophical Transactions of the, London, Vol. 160, pts. 1-2, 

with list of members, 4to., 1870, London. 

The Society. 

,, Proceedings of the Royal Society of London, Vol. XIX, Nos. 125 and 127, 8vo., 

1870, London. The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXVII, Pt. I, 

No. 105, Svo., 1871, London The Society. 

„ Journal of the Society of Arts, Vol. XIX, Nos. 949-955, 8vo., 1871, London. 

The Society. 

Philadelphia.—Journal of the Franklin Institute, Vol. LX, Nos. 5-6, 8vo., 1870, Phila¬ 

delphia. The Institute. 

Trinidad—Proceedings of the Scientific Association of Trinidad, Pt. I, December (1866,) 

to VII, June, (1869,) 8vo., 1866-69, Port-of-Spain. 

Turin.—Atti della R. Accademia delle Seienze di Torino, Vol. V, (1869-70,) and Appendiee 

al Voliune IV. Degli atti della R. Accademia delle Seienze di 

Torino, 8vo., 1869-70, Turin. The Academy. 

„ Bolletino Meteorologico ed Astronomico del Regio Osservatorio dell’ llniversita di 

Torino. Anno. IV, 4to., 1869, Turin. The Academy. 

Vienna.—Jahrbuch der k. k. Geologischen Reichsanstalt, Band XX, Nos. 2-4, 8vo., 1870, 

Vienna. The Institute. 

„ Verhandlungen der k. k,, Geologischen Reichsanstalt, Nos. 6-18, 8vo., 1870, 

Vienna. The Institute. 



88 Records of the Geological Survey of India. [VOL. IT. 

Titles of Tool's. Donors. 

Vienna.—Verliandlungen der k. k., Zoologisch-botanischen Gesellscliaft in Wien. Band 

XX, 8vo., 1870, Vienna. 

Wellington.—Transactions and Proceedings of the New Zealand Institute, Vol. I, (1868,) 

II, (1869,) 8vo., 1869-70, Wellington. 

Zukich.—Neue Denkschriften der Allg. Schweizerischen Gesellschaft fiir die gesammten 

Natunvissenschaften. Band I, (1837,)—V, (1841,) Zurich. 

Maps. 

IIauee. Fbanz Bitteb von.—Geologische Uebersichts karte der Oesterreichisch-ungaris- 

chen Monarchie. Blatt, No. Ill, Westkarpathen. Fol. with des¬ 

cription, 8vo., 1869, Vienna. 



RECORDS 

OF THE 

GEOLOGICAL SURVEY OP INDIA. 

Part 4.] 1871. [November. 

Abstract or results op examination op the Ammonite-fauna of Kutch, with 

REMARKS ON THEIR DISTRIBUTION AMONG THE BEDS, AND PROBABLE AGE, by WlLLIAM 

Waagen, Ph. D., Geological Survey of India. 

In preparing for the “ Palseontologia Indica” a monograph of the fossil Cephalopoda 

and in particular of the Ammonitidas, represented in the Kutch Jura, I have obtained some 

general results, which may be interesting to notice in connection with the study of the 

jurassic deposits in that province. 

The Cephalopoda seem rather common in all the principal jurassic strata of Kutch, 

excepting in the lowest beds, which have as yet furnished only some Gastropods, a great 

number of Pelecypods, besides some undeterminable fragments of Belemnites and a few 

other fossils. 

The number of species of Ammonites collected by Messrs. Blanford, Wynne, and Fedden 

in the course of a few working seasons, amounts to about 80, of which number, however, all 

are not in a sufficiently good state of preservation to allow of accurate determination. 

According to the different genera, which have been lately distinguished in supercession of 

the old genus “Ammonitesthe Mowing are represented in the Kutch Jura: 5 species of 

Phylloceras, 2 of lytoceras. 1 JIaploceras, G Oppelia, G Rarpoceras, 7 Peltoceras, (n. g.) 

4 Aspi&oceras, 17 Stepianoceras, and about 32 Pensphinctes. If we inquire into the geo¬ 

logical distribution of those genera in the Europeau jnrassic districts, we will find that the 

Phylloceras and Lytoceras are not limited to certain strata of the jurassic formation, but 

begin in the Trias, and extend without any interruption into the middle, and even upper 

layers of the Cretaceous period. Haploceras, on the contrary, occurs within narrower limits 

appearing solitary for the first time in the Bathonian, and disappearing again in the lowest 

beds of the Neocomian, its principal development being in the Tithonian group. Of the 

genus Oppelia the greatest number of species is found in Oxfordian and Kimmeridgian 

beds, furnishing only a few sporadic species in lower strata, and beginning in the Inferior 

Oolite. Rarpoceras is characteristic for the Lias, but extends, however, in well developed 

forms up into the Oxfordian, and even into the Kimmeridgian group. Peltoceras is 

chiefly an Oxfordian, Aspidoceras chiefly a Kimmeridgian and a Tithonian genus. 

Stephanoceras occurs through the whole Jura, whilst Perisphinctes, represented by a larger 

number of species and specimens than any of the other genera, is mostly characteristic for 
the Upper Jura. 

If we now consider the number of species, by which every single genus is represented 

in the Kutch J ura, the simple comparison of the numbers before given, with the facts known 

regarding the geological position of the genera in Europe as stated above, will show us 
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clearly, that at least a part of those jurassic strata must belong to the Upper Jura, unless 

we presume that the faunae have followed laws of distribution quite different from those 

which were prevalent during the time of the jurassic deposits in Europe. 

Proceeding to the species, I will give brief distinctive characters of the new forms which 

T have described- There are of Phylloeeras, preserved in the Geological Survey Museum,— 

Phylloeeras disputabile, Zitt. (golden oolite of Keera hill near Charee; brown 

oolite of the Jooria hills), 

,, Lodaiense, Waagen, n. sp. (brown oolite of Lodai). 

„ Feddeni, Waagen, n. sp, (oolite with iron nodules near Dhosa). 

„ ptychoicum Quenst. (coarse iron sandstone of the Katrol range). 

„ Zignodianum, Orb. (golden oolite of Keera hill). 

Phylloeeras Lodaiense, Waagen, n. sp. Very closely allied to Phyll. disputabile, Zitt., 

but the furrows disappearing on the siphonal side and very deep near the umbilical 

margin; it has also much shorter and broader lobes than Phyll. disputabile. 

Phylloeeras Feddeni, Waagen, n. sp. Closely resembling Phyll. Homairei, Orb., but 

the umbilicus a little smaller and the external saddle finishing in three unequal leaves. It 

differs from Phyll. euphyllum, Ileum., by a little larger umbilicus and less developed third 

leaf on the external saddle. 

The genus Lytoceras has furnished, as stated before, only two species, one of them 

being new ; they are : 

Lytoceras Adeloides, Kudern. (golden oolite of Keera hill). 

„ rex, Waagen, n. sp. (sandy yellow rock, S. of Charee). 

Lytoceras rex, Waagen, n. sp. A specimen of 600 m m. in diameter. Inner whorls 

finely striated without any prominent ribs; body-chamber with a few prominent ribs, with 

broad smooth spaces betwoen them; ribs with 7 folds on each side. 

The species of ITaploceras which I have mentioned before is not determinable with 

sufficient certainty, as the last part of the body-chamber is wanting; but it is very probably 

Haploceras tomephorum, Zitt. (coarse sandy iron rock, S. of Boojooree). 

The genus Oppelia has furnished several well known European species of great interest, 

only two new forms were among the number. The species are: 

Oppelia subcostaria, Opp. (golden oolite, Keera hill). 

„ glabella, Leckenby (gray marl nodule, Keera bill). 

„ trachynota, Opp. (coarse sandy iron rock, Katrol range). 

„ Outchensis, Waagen, n. sp. (same layer and locality). 

„ plicodiscus, Waagen, n. sp. (rock indistinct, S. of Madapoor). 

„ cf. serrigera, Waagen (gray limestone, S. of Nurrka). 

Oppelia Outchensis, Waagen, n. sp. Very much like Oppelia compsa, Opp., however 

much smaller; the siphonal side rounded, granulated; tubercles on the body'-chamber scarce, 

distant, roimded; ribs entirely disappearing. 

Oppelia plicodiscus, Waagen, n. sp., belonging to the group of Oppelia subtililobata, 

W. and nearly allied to Opp. tenuilobata, Opp. The shell is small and covered with rather 

broad, strongly falciform ribs, which are a little swollen at the middle of the sides; near 

the siphonal margin a great number of very fine, short ribs, which are not in connection with 

the others, are visible. 
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Among the species of the genus Harpoceras, there is a single European form; all the 

other species are as yet known only from the Indian Jura. The species are : 

Harpoceras hecticum, Rein, (golden oolite, Keera hill). 

„ ignobile, Sow. (yellow limestone, Keera hill). 

„ crasscfalcatum, Waagen, n. up. (same layer and locality). 

„ Orientale, Orb. (rook indistinct, Keera hill). 

„ fornix, Sow. 

„ Nurrhaense, Waagen, n. sp. (iron nodule, Nurrha). 

Harpoceras crassfalcatum, Waagen, n. sp., resembles very much Harp, ignobile, 

Sow., bnt the whorls are depressed; the ribs much strongor, less numerous and much more 

irregular ; the species is also of smaller size, when adult. 

Harpoceras Nurrhatnse, Waagen, n. sp. Allied to Harp, lunula, Rein., but the ribs 

which cover the sides of the shell are much finer and sharper, and much more curved than 

in the last mentioned species. 

Peltoceras, Waagen, n. gen. This genus is, I consider, very closely allied to Aspido- 

ceras, Zitt., and possibly only a sub-genus of it. It is established tor the species which Zittel 

in his last volume on the Tithonian fauna has separated from his genus and united with Peri- 

spMnctes, but I think the relation between those forms believed to belong to Perisphinctes 

and Aspidoeeras perarmaturn, as he calls this Ammonite, are much closer than the relations 

between them and the true Perisphinctes, though contractions of tho whorls also occur in 

the former species. I am disposed to consider in this case the form of the lobes as the most 

important distinguishing character. Thus, for instance, in Amm. Arduennensis and Amm. 

perarmatus, the lobes are nearly identical in both species, the first lateral lobe being so much 

enlarged that the second lateral lobe becomes nearly obsolete; and as this form of lobes 

never occurs in the true Aspidoeeras (as Asp. iphicerum and others) nor in the true Peri- 

spMnctes (as there the auxiliary lobes have another position), I think it reasonable to separate 

those species with this particular shape of lobes under a distinct generic designation. The 

genus Peltoceras is, therefore, characterised by the particularly enlarged lateral lobe, a 

discoid, largely umbilicated shell; the whorls sometimes with contractions, always covered 

with strong straight ribs, which are sometimes provided with two or three rows of spines; 

siphonal side more or less flattened or even excavated, ribs crossing over or disappearing 

before they reach the siphonal part of the shell. Aperture more or less rectangular. 

Thus characterised, I believe, tho genus should include the groups of Pelt. Arduennense, 

transversarimn, perarmatum, hybonotum and a few other, less known, forms. The species 

of this genus occurring in the Kntch Jui’a are : 

Peltoceras athletu, l1 hill, (gray marl nodule, N. of Goodjinseer). 

,, aegoceroides, Waagen u. sp. (brown oolite ol the Jooria hills). 

„ Arduennense, Orb. (same layer and locality), 

„ semiruyosuni, Waagen, n. sp. (brown oolite of Lodai and the Jooria 

hills'). 

„ bidens, Waagen, n. sp. (same layer and locality). 

„ perarmatum, Sow. (brown oolite of Lodai and Jooria, and doubtful 

from the red sandy iron rock of Kuutkote). 

,, monacanthus, Waagen, n. sp. (coarse yellow sand rock, Katvol range). 

Peltoceras aegoceroides, Waagen, u. sp. A very small species, with many thin some¬ 

what rounded whorls and numerous simple ribs which cross the siphonal side undivided; 

whorls barely touching each other. 

Peltoceras svinirugosttm, Waagen, n. sp. This species becomes extremely large, and in 

that form closely resembles Pelt, perarmatum, Sow. Young specimens, however, have almost 
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entirely the form of Pelt. Arduennense, Orb., with the single difference, that the ribs, which 

are, as long as they exist on the shell, divided into two branches nearly from the umbilical 

margin, are stronger and less numerous. Growing larger each rib is produced at the point, 

where it passes from the lateral to the siphonal side, into a prominent spine, from which the 

rib proceeds regularly over the siphonal side. In yet larger specimens a second row of 

spines appears also near the umbilical margin, the ribs becomo then nearly obsolete, and 

fragments are only distinguishable from Pelt.perarmat/um by the peculiar flattening of the 

ribs which connect the corresponding tubercles of both the umbilical and perispherical rows. 

Peltoceras bidens, Waagen, n. sp. Very much resembling the former species, but dis¬ 

tinguishable by the ribs being mostly undivided and very coarse ; they arc provided on the 

siphonal side with two indistinct tubercles. Large specimens have more distant spines than 

Pelt, smirugosum. 

Peltoceras monacanthus, Waagen, n. sp. Allied to Pelt, hybonotum, Opp., but with 

only one row of spines near the umbilical margin, and less distinct granulations on both 

sides of the median excavation on the siphonal side. 

The genus Aspidoceras, though represented in our Museum by a good many fragments, 

has furnished only two determinable species ; they are : 

Aspidoceras iphicerma, Opp. (red, fine sandy iron rock, N. of Dhosa). 

„ Wynnei, Waagen, n. sp. (coarse sandy iron rock, at Toodoora, S, of 

Boojooreo, together with TTapl. tomephorum) in the highest layer 

containing Ammonites). 

The other fragments are from the coarse iron sandstone of the Katrol range, and appear 

to be referable to Asp. iphicerum, Opp., and bhiodnm, Quenst. 

Aspidoceras Wynnei, Waagen, u. sp. Most nearly allied to Asp. Apennimcum, Zitt., 

but the outer row of tubercles stronger, and more numerous; and in general mere irregular 

than in the species just quoted. 

The genus Stephanoceras is extremely rich in forms in the Kutcb Jura, but notwith¬ 

standing this, it only represents there a single group, the Macroeephali. Several sub-divi¬ 

sions among the species belonging to the genus can be distinguished, facilitating the deter¬ 

mination of the species themselves. I distinguish (1) a group of species, allied to the true 

St. macrocephalum, (2) a group of species with bent ribs on the siphonal side, which replace 

in India the group of St. goverianum, &c., of Europe, (3) the group of St. modiolare, repre¬ 

sented in India but by a single species. 

To the first group belong the following species: 

Stephanoceras macrocephalum, Schloth. (golden oolite of Keera bill, brown oolite 

of Jooria, grayish yellow marl rock of Jumara), 

„ tumidum, Bein, (golden oolite, Keera hill). 

„ Polyphemus, Waagen, n, sp. (common in the brown oolite of Lodai, 

Jooria and N. of Goodjinseer, very rare in the golden oolite of 

Keera hill). 

„ lamellosum. Sow. (golden oolite, Keera bill; ? yellow sand rock, N. of 
Dhosa). 

„ Chareeense, Waagen, n. sp. (golden oolite, Keera bill; yellow marl 

rock, Jumara). 

„ Grantamnn, Opp. (same rocks and localities as the preceding sp.; 

also in a sandy iron rock at Kaora, Putchum). 

„ elephantinum. Sow. (brown oolite, Lodai). 

„ arenosum, Waagen, n. sp. (same rock and locality). 

„ / Maya, Sow. (red iron rock, Kuntkote). 
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Stephanocercts Polyphemus, Waagen, n. sp. This species grows enormously large, 

12 feetin diameter, and seems identical with d’Orbigny’s drawing of St. tumidum (Orb. non 

Hein.). It differs from the real St. tumidum by very broad rounded ribs and a smooth body- 

chamber, while Reinecke’s species has fine sharp ribs and a plicated body-chamber. 

Stephanoceras Chareeense, Waagen, n. sp. Allied to St. Morrisi, Opp., but much 

broader near the umbilicus and with a very narrow siplional side, on account of which the 

transversal section of the whorl is nearly triangular. There are also some differences in the 

sutures. 

Stephanoceras arenosum, Waagen, n. sp. Of a very flat lenticular form, with faint, 

broad rounded ribs somewhat resembling St. Lalandeanum, Orb., but the ribs are not un¬ 

divided, and only few of them reach to the umbilical margin. The lobes are also quite 

different. 

The second group includes the following species: 

Stephanoceras dimerum, Waagen, n. sp. (golden oolite, Keera hill; gray marl rock, 

Jumara; sandy iron rock, Kaora ; doubtful, Jooria). 

„ suhtrapezinmn, Waagen, n. sp. (golden oolite, Keera bill). 

„ eucyclum, Waagen, n. sp. (brown oolite, Keera hill, Jooria hills). 

„ opts, Sow. (iron nodules, Keera hill; brown oolite, Jooria; oolite, 

Dhosa). 

„ fissum, Sow. (red iron rock, Kuntkote ; brown oolite, Lodai, Jooria ; 

oolite, Dhosa; iron nodule, Keera hill). 

„ Nepalense, Gray (red iron rock, Kuntkote; brown sandstone, 

Trammo river), 

Stephanoceras dimerum, Waagen, n. sp. Allied to St. Herveyi, Sow., hut with smaller 

umbilicus and with the ribs curved in front on the siphonal side. The ribs are broad and 

prominent; the general shape of the specimens somewhat globular. Body-chamber with 

strongly curved, high, lamellose ribs. The species attains scarcely more than a diameter 

of 50-60 m m. 

Stephanoceras suhtrapezinmn, Waagen, n. sp., very much like the preceding species, 

but with much finer ribs, and with flattened sides of the whorls; the aperture having 

a somewhat trapezoidal shape and the form of the whole shell being more lenticular. It 

attains a little larger size than the preceding species. 

Stephanoceras eucyclum, Waagen, n. sp. Full grown specimens with preserved body- 

chamber have a slight resemblance to similarly preserved specimens of Cosmoeeras ornatum 

or Duncani, but the examination of the inner whorls shows that the species belongs to 

Stephanoceras. The umbilicus is very wide, the whorls a little compressed, and covered with 

polytome fine ribs; the lobes are very short and broad. 

The last group of Stephanoceras is that of Steph. modiolare, Luid., only represented 

in Kutch by a single species. 

Stephanoceras diadem at um, Waagen n. sp. (golden oolite : Keera hill). 

Stephanoceras diadematum, Waagen, n. sp. The species attains nearly one foot in 

diameter. Full grown specimens are entirely smooth, and closely resemble large individuals 

of St. modiolare, Luid., except that the umbilicus is always wider; small specimens, how¬ 

ever, are entirely different, as they never have the “ Lamherti-like’' shape, which characterises 

young individuals of the last mentioned species. St. diadematum has always very broad, 

depressed whorls, which are covered in the first youth with diohotomo ribs becoming after¬ 

wards polytome, and passing with a slight curvature in front over the flat siphonal side; 

the lateral lobes are situated on this latter portion of the shell. 



94 Records of the Geological Surrey of India. [VOL. IV. 

The genus Perisphinctes has furnished, of all the Ammonites, the greatest number of 

species, and I regret that the European species of this genus are as yet so little known, that 

in many cases a comparison of our fauna with the forms found in European strata 

becomes utterly impossible. The forms of Perisphinctes found in Kuteh may be 

conveniently divided into a few larger sections, which I may call after the oldest and best 

known species, without, however, assigning these sections the value of developmental series 

(Eormenreihen, Entwickelungsreihcn). I distinguish (1). A section of forms, 

related to Per. Kunigi, Sow.; the species to which I refer represent a connecting link 

between the last mentioned species and Per. Poland),, Frisch Uni, and other Ammonites 

of the European Upper Jura. The whole section ranges between the true Perisphinctes 

and Stephanoceras, and, following the external form, it could almost with equal right be 

referred to the one or the other of the two genera. (2). Section of forms allied to Per. 

Martimi, Orb. The species of this section chiefly occur in middle Jurassic and Callo- 

vian beds, and their number was recently considerably increased by the description of new 

forms in Europe. The latest representatives of it in Europe are known from Oxford strata. 

(3). The species of this section are allied to Per. plicatilis, Sow., and are chiefly from 

Oxfordian and Kimmcridgian beds. (4). Section of forms allied to Per. Peh- 

manni, Opp. A small series of species with a very peculiar shape, in many points entirely 

separated from all the other Perisphinctes, and chiefly characteristic for the Callovian- 

Besides these there occur in the Kutch-Jura also some other species which cannot he referred 

to any of those sections, and which must for the present be looked upon as sporadic, or 

isolated species. 

The first section, characterised by the great scarcity of contractions on the whorls, 

mostly without any umbilical edge, and by thick scarce ribs, includes the following species 

from Kuteh: 

Perisphinctes obtusicosta, Waagen, n. sp. (oolite of Dhosa; iron nodules of Keera 

hill; gray marl nodules, N. of Goodjinseer). 

„ angygaster, Waagen, n. sp. (same rocks and localities as preceding 

species). 

„ Dhosaensis, Waagen, n. sp. (oolite of Dhosa; brown oolite of the 

Jooria hills; iron nodule, Keera hill). 

„ mutans, Waagen, n. sp. (dark red iron rock, N. of Goodjinseer). 

Perisphinctes obtusicosta, Waagen, n. sp. Slightly resembling Per. Polandi, Opp., 

but with less numerous and rounder ribs, which are not divided so far down as in the last 

mentioned species; in large specimens the ribs become flatter and more numerous. The 

lobes are much finer and more ramified than in Per. Polandi. 

Perisphinctes angygaster, Waagen, n. sp. In its general form resembling Per. 

involutus, Quenst., but with only dichotomc ribs, which are few in number and obtusely 

rounded; in some places there is a broad, flat, contraction of the whorl visible. The lobes 

are very much like those of the preceding species. 

Perisphinctes Dhosaensis, Waagen, n. sp. A small species of about 40 m m. in diameter, 

with wide umbilicus, rounded whorls and very strong dichotomc ribs, which often become 

a little broader in passing over the siphonal side, resembling the ribs in some Aegoceras or 

in Amm. fissicostatus, to which latter species pur specimens have a certain resemblance as 

regards their general form. The lateral margins of the aperture have two not very long 

lancet-shaped ears. The species seems to he common. 

Perisphinctes mutans, Waagen, n. sp. Young specimens of this species have a certain 

resemblance to Pei. Dkosaensis, but the form changes even at an early stage: the whorls 
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become compressed, the ribs flattened, and the body-chamber of a specimen of 60 m m. in 

diameter (about the largest size the species appears to attain) is nearly quite smooth. 

The section of Per. Martiusi is represented in the Ivutch Jura by nine determinable and 

at least four, as yet undeterminable, species, the latter being in our Museum only indicated by 

fragments, not sufficient for a reliable definition of the species. The better known species 

belonging to this section are: 

Perisphinctes spirorbis, Neum. (golden oolite, Keera hill). 

„ bracteatus, Neum. (same beds and locality). 

„ funatns, Opp. (same beds and locality'). 

„ paramorphus, Waagen, n. sp. (same beds and locality).' 

„ areieosta, Waagen, n. sp. (same beds and locality). 

„ curvieosta. Opp. (oolite of Dhosa; marl nodules, Goodjinseer; yellow 

marl rock, Jumara). 

„ euryptyclms, Neum. (hard yellow limestone, Keera hill). 

„ Pagri, Waagen, n. sp. (red iron rock, Kuntkote). 

„ Gudjinsirensis, Waagen, n. sp. (marl nodules, Goodjinseer). 

Perisphinctes paramorphus, Waagen, n. sp. A remarkable species, which nndero-oes 

great changes according to age. When quite young, the whorls are rounded and slightly 

involute, covered with strong, few, and dichotomous ribs; middle sized specimens have a 

slightly squarish section of the whorls, these being more involute and covered with moder¬ 

ately numerous, strong bipartite ribs. Growing only a little larger than 100 mm. in diameter 

the whorls become rather high oval with a narrowly rounded siphoual side, and the ribs 

disappear entirely; in this stage the species resembles large specimens of Per. spirorbis. 

Perisphinctes areieosta, Waagen, n. sp. An intermediate species between Per. auri- 

gerus, Opp., and cumcosta, Opp. The whorls are compressed like those in the former species, 

whilst the kind of ribbing agrees more with that of the latter. The largest size to which 

the species attains is about 60—70 mm. in diameter. In such specimens the body-chamber 

is but slightly ribbed and the lateral ribs are disconnected from those situated on the siphonal 
side. 

Perisphinctes Pagri, Waagen, n. sp. In its general form very nearly allied to Per. 

Orion, Opp., but with less strongly prominent and more numerous lateral ribs; the ribs on 
the siphonal side are slightly turned backwards. 

Perisphinctes Gudjinsirensis, Waagen, n. sp. A species also belonging to the group 

of the Convoluti, but certainly one of the most extraordinary forms of the whole group. 

The whorls are very depressed and the umbilicus large. Young specimens are of the'usual 

habit, but fuller grown ones become provided with high, distant lateral ribs, which are 

divided into three flat branches on the depressed siphonal side, hull-grown specimens do 
not exceed a diameter of 100 m m. 

In connection with the few last mentioned forms I shall describe three species, which 

are as yet unknown from European jurassic formations, and which are, strictly speaking, more 
geologically than zoologically related to the former. They are: 

Perisphinctes frequens, Opp. (oolite of a valley, west of Soorka hill, together 

with Ithynch. myriacantha). 

„ denseptieatus, Waagen, n. sp. (same layer and locality). 

„ aberrans, Waagen, n. sp. (white marl rock, Keera hill). 

Perisphinctes denseptieatus, Waagen, n. sp. Very nearly allied to Per. frequens, Opp., 

but with a somewhat smaller umbilicus, higher whorls, and much finer lateral ribs, which 
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ave never tripartite on the outer margin, but sometimes bipartite and sometimes cross undi¬ 
vided over the siphonal side. 

Perisphinctes aberrans, Waagen, n. sp. The only species with which I can compare 

this form is Per. Albcrtinus, Cat., hut the dillcrence lies in Catullo’s species possessing a 

furrow on the siphonal side when young, while there is no trace of it in the present species. 

The dissimilarity, however, between young and old specimens of aberrans is by no means 

less marked than in Per. Albertinus. The young form resembles a little Per. 'eonvolutus ; 

it has many separate rounded whorls, with fine ribs and tolerably numerous very oblique 

contractions of the whorls. When growing larger the ribs of the individual become in an 

equal degree more distant, stronger and higher on the sides of the whorls, whilst, on the 

contrary, they gradually disappear on the siphonal side. 

The third section (of Per. plicatilis, Sow.) is the richest in forms in the whole Jura. 

In Europe it is represented by at least 100 species, all occurring in strata of Oxfordian, 

Kimmeridgian or Tithonian age, but for the greater part the species are as yet undes- 

cribed. The difficulty, therefore, not only in determining, hut in comparing the Indian 

species with European forms, is much greater in this section than in any other, and the con¬ 

clusions, which in other groups and genera are so naturally associated merely with their 

names, can in this instance not be drawn from the identity of the species, hut only from the 

general habitus of the forms; however, some of the Indian species can nevertheless be 

identified with European Ammonites. The species belonging to this section are : 

Perisphinctes Indogermaims, Waagen, n. sp. (brown oolite, Jooria hills; yellow 

marl rock, Joorun). 

„ plicatilis, Sow. (red iron rock of Kuntkote; same rock at Joorun). 

„ torquatus, Sow. (coarse iron sandstone of the Katrol range). 

„ bathyplocus, Waagen, n. sp. (same layer and locality). 

„ Poftingeri, Sow. (same layer and locality). 

„ euplocus, Waagen, n. sp. (same layer and locality). 

„ Katrolensis, Waagen, n. sp. (same layer and locality). 

„ virguloides, Waagen, n. sp. (red iron rock of Kuntkote). 

Perisphinctes Indogermanns, Waagen, u. sp. Very nearly allied to Per. plicatilis, 

Sow., and often mistaken for this species, hut, distinct from it by rounded whorls and flat¬ 

tened ribs on the siphonal side. There are specimens in our museum from Kutch as well as 

from Trouville in Normandy (Zone of Am. cordatus). 

Perisphinctes bathyplocus, Waagen, n. ,sp. Allied to Per. torquatus, Sow., so much 

so that young specimens are almost umlistinguishable. Per. bathyplocus has, however, 

always finer ribs and thicker whorls. When large, the lateral parts of the ribs are much 

swollen and distant from each other, and to each of them correspond five or six fine ribs on 

the siphonal side; only in very large specimens the latter become obsolete, or very nearly 

so. 
Perisphinctes euplocus, Waagen, n. sp. Allied to Per. Poftingeri, Sow., hut with 

much thinner whorls, and S-shaped, irregular, fiue ribs. On the body-chamber the ribs 

become scarcer, more prominent and straight. 

Perisphinctes Katrolensis, Waagen, n, sp. Equally allied to Per. Poftingeri as the 

last, hut attaining a much larger size, and with the body-chamber much less strongly ribbed. 

Perisphinctes virguloides, Waagen, n. sp. Closely resembles Per. virgulatus, Quenst; 

the ribs are, however, not so fine and the contractions of the shell indistinct. 

The next species belongs to a group which is of great importance for the geology of the 

European Jura : it is— 

Perisphinctes leiocymon, Waagen, n. sp. (red iron rock of Kuntkote). 
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The group is typified by Per. polyplocus, Rein. This latter species is known in Europe 

to be very characteristic for the Kimmeridgian, and not alone that, but the whole group 

is restricted to a similar horizon. It is doubtful whether in India the geological position is 

exactly the same, but nevertheless Per. leioaymon deserves particular notice. 

Perisphinctes leiocymon, Waagen, n. sp. Closely allied to Per. polyplocus, Rein., but 

with much fainter ribs and of by far larger dimensions; only the ribs are near the umbi¬ 

lical margin somewhat more strongly marked. The species shows also by its rounded ribs 

some slight resemblance to Per. albienus, Opp., and thus the Indian species may be said 

to represent a connecting link between the section of Per. Martiusi and the Polyploci 

group. 

The last section of Perisphinctes is that of Per. Pehmanni, Opp. The species belong¬ 

ing to it usually possess spiny whorls and a flat band along the middle of the siphonal side. 

Though I think the section originates with Per. sulcatm, Hekl., I quote as the first species 

Per. Pehmanni, because the geological relations between those two species have not as yet 

been established. The Indian species belonging to the section are : 

Perisphinctes Pehmanni, Opp. (golden oolite, Keera hill). 

„ anceps, Rein, (iron nodules, Keera hill; oolite, Dhosa). 

„ arthriticus, Sow. (iron nodules, Keera hill). 

„ Jooriensis, Waagen, n. sp. (brown oolite, Jooria hills). 

Perisphinctes Jooriensis, Waagen, n. sp. Allied to Per. Balderas, Opp., hut more 

evolute, with less numerous contractions on the whorls and sharper and more regular ribs. 

The 73 species above enumerated have been determined and described from the mate¬ 

rials in our Museum with sufficient certainty. Several forms I was obliged to put aside, 

partly because the materials were in bad preservation, and partly because there was not a 

sufficient number of specimens existing, in order to point out the exact relations or distinc¬ 

tions of the species; this is particularly the case among the Perisphinctes. 

The oldest known locality where Ammonites occur, and at the same time the richest 

in forms, is the Keera hill near Charee, and the mineralogical differences of the rocks in 

which different species are preserved clearly indicate that there must he several distinct 

groups of middle and upper jurassic strata exposed. This variety of the rocks'cannot be 

accidental, as is, for instance, shown by St. tumidum or Per. funatus, which never occur 

in an iron nodule, while Per. arthriticus has never been found in the golden oolite. Of the 

different beds in this locality, containing different Ammonite-faunas, I can at present point 

out two, each with a sufficiently large number of species, the golden oolite and the bed with 

iron nodules ; all the other strata are represented only by a few species:— 

(1.) Ammonites of the Golden Oolite of Keera hill near Charee: 

Phylloceras disputahile, Zitt. 

„ Zignodianum, Orb. 

Pytoceras Adelaides, Kud. 

Oppelia subcostaria, Opp. 

PLarpoeeras hecticum, Rein. 

Stephanoceras macrocephalum, Schloth. 

„ tumidum, Rein. 

„ Polyphemus, Waagen. 

„ lamellosum, Sow. 

„ Chareeense, Waagen. 

Stephanoceras Grantanum, Opp. 

„ dimerum, Waagen. 

„ subtrapezinum, Waagen. 

„ diadematum, Waagen. 

Perisphinctes spirorbis, Neiim. 

„ bracteatus, Neum. 

„ funatus, Opp. 

„ paramorphus, Waagen, 

„ arcicosta, Waagen. 

„ Pehmanni, Opp. 
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Of those species Pit. disputabile, Zitt., Zignodianum, Orb., and Lyt. Adeloides, Kud., 

arc known to be characteristic in the mediterranean province of the jurassic formation of 

Europe for a group of strata beginning with Bathoniau and most probably terminating with 

lower Oxfordian rocks. The following species indicate a much more narrowly limited hori¬ 

zon: Slept/., maerooephalum, Sehloth., tumidum. Rein., Grantauum, Opp., Perisph. spworhis, 

Neum., hracteatus, hvt-urp., fcnu/u-s, Opp., and Rchman/ti. Opp., all without exception in the 

central European province ai-e highly characteristic for the lower Kello vian beds, or the “ zone 

of St. macrocephalum” of Oppel. The Ammonite-fauna of the ‘Golden Oolite’ shows very 

little resemblance to the faunas of other localities, and iu fact there are only three species which 

are common to this layer and the brown oolite of Lodai and the Jooria hills ; those are Phyll. 

disputabile, St. macrocephalum (very rare at Lodai), and Polyphemus (very rare at Keera 

hill). It seems to me that the characteristic species of the Ammonite-fanna of this 

Golden Oolite appear again only at Kaora in Putchum, and at J umara, though similar rocks 

may he often represented in different horizons throughout the Kuteh jurassic territory. 

2). Ammonites of the Iron nodules of Keera hill near Charee— 

Stephanoccras opis, Sow. 

„ fissum, Sow. 

Perisphinctes obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ Dhosaensis, Waagen. 

„ anceps, Rein. 

„ arthriticus, Sow, 

The greater part of these species also occurs at the two next localities, and I shall, 

therefore, quote those occurring in the two latter immediately following. 

(3). Ammonites of the Oolite of Dhosa— 

Stephanoccras opis, Sow. 

„ fissum, Sow. 

Perisphinctes obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ Dhosaensis, Waagen. 

„ curvicosta, Opp. 

„ anceps, Rein. 

(4). Ammonites of the dark-gray marl nodules, Goodjinseer— 

Peltoceras athleta, Phill. 

Perisphinctes obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ curvicosta, Opp. 

„ Gudjinsirensis, Waagen. 

There is, I think, hut little doubt that the Ammonite-fauna of these three localities in¬ 

dicates very closely the same geological horizon, particularly when we consider the small 

number of specimens (there are in our Museum not more than about 60 specimens preserved 

from all the three localities) which were examined, and that these have furnished so many 
identical species. 

Of the species noticed, the following are found in the European Jura: Pelt, athleta, 

Perisph. anceps and curvicosta ; all three are most characteristic forms of the upper Kello- 

way strata. 

The next localities which have furnished a greater number of species are Lodai and 

the Jooria hills. The rock containing the fossils is a very line, often sandy dark-brown 
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oolite with much iron, and the Ammonite-fauna of both places is so very closely allied that 

it will not be necessary to quote the species separately. 

(5). Ammonites of the “ Brown oolite” 

Phylloceras disputahile, Zitt. 

„ Lodaieme, Waagen. 

Peltoceras aegoceroides, Waagen. 

„ Arduennense, Orb. 

„ semirugosum, Waagen. 

„ lidens, Waagen. 

„ perarmatum, Sow. 

Stephanoceras macrocephalum, Sehloth. 

Lodai and the Jooria hills— 

Stephanoceras Polyphemus, Waagen. 

„ elephanlinum, Sow. 

„ arenosum, Waagen. 

„ eucyelum, Waagen. 

„ fissum, Sow. 

Perisphinctes Dlwsaensis, Waagen. 

„ Indogermanus, Waagen. 

„ Jooriemis, Waagen. 

Of Pkyll. disputahile I have already mentioned the geological position; among the 

other species in the list it may seem a little strange to find together, apparently in the 

same layer, SI. macrocephalum and Pelt, perarmatum. The discrepancy may be explained in 

two ways. Either there exist in Lodai and Jooria two layers of very similar lithological 

aspect, but of different age, or St. macrocephalum had in India a greater vertical distribu¬ 

tion than in Europe, that is, the species passes in India from lower into higher strata, 

during the deposition of the latter of which it was already extinct in Europe. The latter 

explanation seems to me the more plausible one, because there occurs also in another locality, 

at Kuntkote, a species of the Macrocephali, (St. Maya, Sow.,) which is so closely allied to 

St. macrocephalum, that it is hardly possible to distinguish them specifically, and also because 

in Kutch the Macrocephali group in general seems to continue, in a great variety of forms, into 

higher beds than is the case in Europe. Under these circumstances, we may, therefore, con¬ 

sider as the most valuable species for determining the age of the strata above noticed the species 

of the Peltoceras, which in Europe are highly characteristic for lower and middle Oxfordian., 

The most important species are Peltoc. Arduennense and perarmatum, and next to these 

Per. Indogermanus, which is very common in the “zone of Am. cordatus” of the “Vaches 

noires.” 

The brown oolite has, in common with the oolite of Dhosa, Steph. opis and fissum, 

whilst on the Keera hill we again find St. eucyelum in an indurated yellow limestone, 

together with Per. euryptychus, Neum., which possibly could represent the brown oolite in 

that place. 

The locality west of Soorka. hill ha.s furnished only two species of Ammonites— 

Perisphinctes frequents, Opp., and 

„ denseplicaius, Waagen, 

associated with pthynch. (Hemithyris) myriaeantha, Desl., in a brown oolite, very much like 

that of Lodai. 

The next locality of considerable geological interest is that of Kuntkote, because 

Sowerby has described from there several species, and among them Per. calvus, which 

was most probably wrongly identified with one occurring in Europe; but unfortunately 

no specimen of true A. calvus, Sow., is found among our materials. The rock of Kunt¬ 

kote is dark-red, fine sandy, ferruginous, much impregnated with salt and gypsum. The 

species are— 

(6). Ammonites of the red ferruginous rock of Kuntkote : 

Peltoceras cf. perarmatum. Sow. (possibly Pelt. Oegir, Opp.) 

Stephanoceras Maya, Sow. 

„ * fissum. Sow. 

„ Nepalense, Grav. 
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Perisphinctes Pagri, Waagen. 

„ plicatilis, Sow. 

„ virguloides, Waagen. 

leiocymon, Waagen. 

These few species can serve merely by their general character as a guide towards the 

determination of the age of the Kuntkote beds, because the only species of which the 

geological position is well known in Europe, Per. plicatilis, indicates only generally strata 

of lower or middle Oxfordian age. The other forms of Perisphinctes occurring at 

Kuntkote resemble in general character such species as, if found in Europe, would be 

referred to the middle or upper Oxfordian. This and the appearance of the rock leads 

rue to believe that the Kuntkote beds are a little younger than the brown oolite, with which 

they have only a single species, PL fit sum,, in common. A similar rock to that of Kuntkote 

occurs only at a certain distance north from Dhosa, where Aspidoceras ipliicerum, Opp., 

has been found in a dark-red and a slightly sandy ferruginous rock. 

The last locality of importance which has furnished nearly the greatest number of 

specimens of Ammonites, though the number of species is not very large, is the Katrol 

range, the rocks there being represented chiefly by coarse ferruginous sandstones and sandy 

ferruginous concretions, with frequent occurrence of fossil wood. The species found 

there are— 

(7). Ammonites of the course ferruginous sandstone, Patrol range : 

Phy Hover as ptychoicum, Quenst. 

Haploceras cf. tomepkontm, Zitt. 

Oppelia trachynofa, Opp. 

„ Cutchcnsis, Waagen. 

Peltoceras monaewnilms, Waagen. 

Aspidoceras Wynnei, Waagen. 

„ 2 sp. indet. 

Perisphinctes torquatus, Sow. 

„ hathyplocus, Waagen. 

„ Pottingeri, Sow. 

„ euplocus, Waagen. 

,, Katrolensis, Waagen. 

The first three species are European forms, and two of them, Phyll. ptychoicum and 

Hapl. tomepkorum, are very characteristic for the Tithonian formation of the Medi¬ 

terranean Jurassic province, whilst Opp. irachynota occurs in the middle and upper Kim- 

meridge and Tithonian layers of the Mediterranean aud Central European provinces. 

Of the other species, only Pelt, monacanthus and Asp. Wynnei have a decidedly Titho¬ 

nian character, whilst among the Perisphinctes, the absence of the group of Per. poly- 

plocus also indicates very high jurassio beds. It should also ho mentioned that Mr. Fedden 

notes on the label accompanying the specimens of Asp. Wynnei and Hapl. cf. tomephorum— 
“ From the highest beds containing Ammonites 

Recapitulating briefly wiiat I have said regarding a few of the principal localities con¬ 

taining Ammonites, it seems clear (1) that at different places there are strata of a different 

mineralogieal character represented; (2) that these strata contain species of Ammonites 

mostly peculiar to themselves; and (3) that these species indicate distinct geological horizons. 

If we take only those species into consideration which occur in the Kntch, as well as in 

the European Jura, we find that in the golden oolite of Kg era hill there are nine species of the 

zone of St. macrocepTialum ” in the oolite of Dhosa and the equivalent beds there are three 
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species of the “ zones of Perisph. anceps and Pelt, athleta /” in the brown oolite are three 

species of the “ zone of Am. cordatus” and one of the “ zone of St. mac.rocephalum.” In 

the ferruginous rock of Kuntkote there is one species common to the “ zones of Am. cor¬ 

datus and Pelt, transversariumand, lastly, in the coarse sandstone of the Katrol range 

are two species oi the Tithon-formation and one common to middle and upper Kimmer- 

idgian and Tithonian. 

If, therefore, the faunas have not in their development in India followed other laws 

than they did in Europe, we might arrange the deposits of the whole of the Kutch Jura in 
the following manner: 

Kocks. Localities. Probable equivalents in Europe. 

ccoarse 
Ferruginous sandstone < 

Katrol range. Tithonian and Upper Kimmeridgian.* 

(.fine Kuntkote . Upper Oxfordian. 

r Lodai and Jooria . Lower Oxfordian. 

Oolite.-j 
Dliosa . Upper Kelloway. 

1 
Flaggy, sandy limestone and yellow 

Golden oolite. 
Keera hilL 

Lower Kelloway. 

sandstone . G uddera (Ammon ites wanting) Bathonian. 

The most general division we could at present introduce into the Kutch Jurassic deposits 

is to separate them into two complex groups of sandstones, divided from each other by a 

zone of oolites of comparatively small thickness. 

But there remains yet the great question, what is Mr. Wynne’s “ Upper Jura of Kutch” 

which contains the plants, of which several are considered as identical with those of the 

Kajmahal hills, for all the beds which I have previously noticed, and which appear to 

represent the jurassic deposits of Europe from the Bathonian upwards to the Tithonian, 

compose only the “ Lower Jraa” of Mr. Wynne’s divisions, based on the physical relations 

of the beds. To answer this question satisfactorily in the present stage of our knowledge 

is impossible; we must be content to wait the result of further research into the fossils to 

be found in this interesting province. 

The Raigur and Hengir (Gangpur) Coal-field, by V. Ball, Geological Survey 

of India. 

The coal-field thus denominated has hitherto been generally spoken of as the ‘Gangpiir 

field.’ The result of my examination having been to show that the greater portion of the 

area is contained in the district of Raigur and the remainder in the sub-zemindari of Gang¬ 

pur known as Hengir (or Hittgir)—no portion of the coal-bearing rocks or their associates 

extending into Gangpur proper—it seems undesirable to perpetuate a misnomer which is only 
calculated to mislead. 

Whether this area is entirely detached from the TJ'dipur field or not I am at present 

unable definitely to affirm. My impression is, that a connection does exist towards the north- 

* The Lower Kimmeridgian is only represented by a single species, Asp. iphicerum. from N. of Dliosa out of a 
dark-red fine sandy ferruginous rock. 
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west, but where I crossed from one to the other there was an interruption of continuity 

caused by a strip of about four miles of metamorphic rocks. These may possibly only exist as 

a spur from the southern boundary, which, while they penetrate the area of sedimentaries, 

do not extend sufficiently far north to cause au absolute separation of the two fields. 

Approaching this field from the west, I first struck it about a mile, or rather less, east 

of the village of Bagchapa on the Kurket in Raigur, and thence traced it to its extreme 

eastern extension at Kosira on the Baisandar in Hongir. The distance between these points 

is 34 miles in a direct line. So far as my time admitted, I examined the country to north 

and south, and at many points ascertained the definite boundaries. At others I was obliged 

to content myself with conjecture, but from such data as I possess I feel confident that the 

area occupied by the three groups of sedimentary rocks which occur in this field will be 

found to extend over at least 400 square miles. 

With this introduction I shall, before proceeding to the actual details resulting from my 

preliminary examination, briefly allude to such previous notices as exist regarding the occur¬ 

rence of coal and coal-bearing or associated sedimentaries in this area. 

Colonel Haughton alludes to the Gangpur coal 

formation as possibly connected with that of Sirguja 
Colonel Hangliton, 1854* and Palamow, but adds, “on this point I have no 

reliable data.” 

Captain Saxton communicated to the Asiatic Society in 1855 some particulars regard¬ 

ing coal in the Gangpur Raja’s territory, some 50-60 
Captain Saxton, I855.f miles north-west from Sumbulpiir and 25-30 miles 

from Puddumpur on the Mahanudi. He writes, “ should Calcutta and Bombay be hereafter 

connected by railway this coal would lie on the way. The bed appears very extensive. A 

nala running into the Ebe river which joins the Mahanudi about ten miles above Sumbulpiir 

passes over, and through, it, and masses of the upper coal which is very light are floated 

down in the nala in the rains.” 

No further precise information regarding the locality is given, though little doubt can 

exist that the Baisandar is the ‘ nahV alluded to. 

In a preliminary notice on the coal and iron of Cuttack by Dr. Oldham, reference is 

Dr oidham made to this discovery by Captain Saxton. Time 

did not admit of the Officers of the Geological Survey— 

at that season engaged in Cuttack—visiting the locality. 

On the Topographical Survey Map, recently 
Topographical Survey Map. 

published, the occurrence ot coal is indicated in 

several localities, especially in the Baisandar river. 

Tbe formations occurring in this area are Talchfrs, Barakars, and Upper sandstones, &c., 

(P Mahadevas). 

Talchi'bs. 

The only place at which I met with rocks belonging to the Talclifr series in this 

field was near tbe village of Kosira at the north-east corner of the area; they are 

very indistinctly seen, and much mixed up with a kind of arkose bed, which is precisely 

similar to one occurring on an undoubted Barakar horizon, and which will be found described 

further on. In the Baisandar below Kosira they consist of greenish and yellow sandstones 

with a boulder bed. 

* J. A. S., Ii., 1854. 

t Proc. A. S., B., March, 1855. 
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Mr. Medlicott found Talehirs all along the southern boundary of this area striking north¬ 

west from Sumbulpur, but 1 had no time to connect these with my work. 

Barak aks. 

The Damuda rooks occurring in this area probably belong to the Barakar group. For 

the most part they rest immediately on the gneiss, aud are covered and overlapped by the 

upper sandstones and grits so completely that but for the denuding action of rivers they 

would now be altogether concealed. This is more particularly the case in the eastern portion 

of the area where the best coal seams occur. Thus, iii the Baisandar and Jhajia rivers the 

Barakars are merely exposed in the beds, while the upper rocks compose the opposing banks. 

It will be more convenient to describe the sections from east to west; I therefore 

commence with that of the Baisandar river. 

In the bed of the Baisandar, the most eastern outcrops of Barakars occur south of 

Kosira. From this point the northern boundary of the field can be most distinctly traced 

through the southern tolah of Tikripara; the south-eastern boundary is less distinct, but I am 

inclined to believe that a strip of Barakars, bounded by the gneiss on the east and by the 

upper sandstones on the west, occurs at least as far south as the village of Baliuga. 

The section of the Baisandar for about a mile west of Kosira discloses ordinary Barakar 

sandstones and the arkose bed above alluded to; this consists of granitic and schistose materials 

not showing any sign of having been subject to weathering. Beyond these rocks there is a 

succession of rolling seams of carbonaceous shale with occasional bands of coal; these strike 

with the boundary, but as they are all nearly horizontal, constant repetitions occur in succeeding 

streams, and I had not time to trace out the section in sufficient detail to enable me to affirm 

positively how many distinct seams exist. The first piromising seam which I measured occurs 

250 yards south of the Jhapurnga and Tikripara road crossing. The following is the section:— 

Descending: dip 15° to 30° south of eust. 
Ft. In. 

Sandstones. 

1. Blue shales 3 4 
2. Coal ... 4 7 
3. Irregular mass of blue shale ... 2 6 
4. Coal, upper portion shaly ... ... 3 10 
5. Parting ... 0 2 

7- Coal, about 5 0 
Several feet below not well seen. 

The coal in this seam at first sight looked very promising, but on analysis it has proved 

to he of inferior quality, the proportion of ash being 306. I very much fear that there is 

at present no promise of coal of better quality and of workable thickness being found in this 

neighbourhood. Below is a seam of 80 feet of carbonaceous shale with portions coaly. This 

could not be measured without excavations being made, for which there was no time. But it 

gives no promise of containing a workable thickness of coal. 

The reaches above this expjose the top of a fine seam of carbonaceous shales with coaly 

bands. The strike being with the stream, a very peculiar terraced appearance is produced. 

Above its junction with the Jhajia the course of the Baisandar is from north to south, and 

thus a very distinct section is obtained of one of the largest seams which has been recorded as 

occurring anywhere. 

It is most unfortunately deficient in workable thicknesses of good coal. The following 

is the section :— 
Ascending. 

Ft. In. 

1. Coarse grit sandstones with interpolated carb. shales ... 0 0 

2. Blue and sandy shale ... ... ... ... 2 o 

*3. Inferior coal with partings of carb. shales, central portion all coal G 10 

8 10 Carried forward 
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Brought forward 

4. Sandstone (thinning out to 0 ) 

6. Blue and black shales with occasional coaly layers of 1 inch and less 

6. Ditto, more coaly, but useless 

7. Blue shales ... ... 

8. Papery coal and coaly shale ... 

9. Blue shale concretionary ... ... 

10. Carb. shale passing into coaly shale 

11. Blue concretionary shale 

12. Carb. shale with flaky coal ... 

13. Blue concretionary shale 

14. Carb. shales 

15. Flaky coal 

16. Blue concretionary shales 

17. Carb. shales, portions coaly 

Same decomposed ... ... ... 

18. Blue concretionary shales—Dip south south-east 4° 

19. Carb, shale and flaky coal 

20. Blue concretionary shales 

21. Flaky carb. and coaly shale with charcoal markings, coaly por¬ 

tion containing much red oxide of iron... 

22. Blue concretionary shale ... ... 

23. Stony coal very impure 

24. Ditto, portions flaky... 

25. Flaky oarb. shale ... 

26. Blue concretionary shale 

27. Coal with red oxide of iron ... 

28. Carb. shale 

29. Flaky coaly shale ... 

30. Blue shales 

31. Flaky carb. shales—portions coaly—Dip 4° south south-east ... 

32. Carb. shales 

33. Same as 31 

34. Blue concretionary shale. Dip south 6° (corner of bend) 

35. Impure coal much mixed with red oxide of iron and passing into 

flaky coal and carb. shales 

36. Concretionary shale 

37. Flaky coal with iron 

38. Carbonaceous shale 

39. Concretionary blue shale ... ... 

40. Carb. shale and coaly shale 

41. Blue shale 

42. Carbonaceous shale and stony coal 

43. Flaky coal with carb. shale 

44. Concretionary blue shale passing into pinkish carb. shale 

45. Flaky coal with carb. shale 

46. Blue concretionary shale 

47. Coal permeated with iron 

48. Flaky coal, about ... 

49. Concretionary blue shale 

50. Carbonaceous shale and flaky coal ... ... 1' 4" to 

51. Massive sandstones irregularly interpolated and thinning out 
to south 

52. Carbonaceous shales 

53. Coaly shale containing much iron and alternating with carb. 
shales ... 

54. Blue and black concretionary shale 

55. Same as 5 ... ... ... ... 

56. Concretionary blue shale 

57. Concretionary blue and black shales with concretionary layers. 
Dip 4° south ... ... 

This is on southern bauk of Baisandar. 

Total 

Ft. In. 

8 10 

1 8 

! 5 5 

2 0 

0 7 

4 1 

1 10 

5 6 

5 8 

4 10 

1 8 

0 8 

2 0 

0 8 

2 9 

3 6 

6 0 

1 10 

1 9 

1 6 

2 10 

1 2 

1 3 

2 0 

4 7 

1 10 

0 3 

1 0 

1 2 

7 0 

1 3 

2 6 

1 11 

3 10 

2 7 

0 10 

1 2 

1 3 

1 9 

1 4 

1 10 

3 6 

3 8 

1 3 

3 8 

1 2 

2 0 

3 0 

o 2 0 

10 10 

0 8 

2 0 

9 0 

0 9 

7 0 

12 0 

168 7 
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This seam is also seen in the streams west of the village of Sardega, but not so clearly 

as in the Baisandar. 

Below No. 1 of the above seam there arc some Barakar grits, and underneath them 

some arkose beds, which plaster over granitic gneiss, showing a most distinctly natural 

boundary. 

There are no traces of coal or other sedimentary rocks brought down from further north 

by the Baisandar. This, though not a proof that none such exist, may be taken as collateral 

evidence in favor of the view —also supported by the physical characters as represented on 

the map—that uncovered gneiss continues up to the plateau and is connected with the 

main gneiss of Eastern Udipur, &c. 

In the bed of the Jhajia river westwards, the large seam becomes much broken up by 

interpolations of sandstones and shales, and with the dying out of the more coaly bands the 

change is so complete that it is impossible to recognise it or trace any portion of it through 

successive reaches. Between Batansarai and Ghogarpali there are several seams or repetitions 

of a seam, but none contain coal of useful quality and thickness. As above mentioned, the 

upper sandstones appear on either hank, and in one place occupy the bed of the stream 

itself. South of Ghogarpali there is a seam containing about 30 feet of shale to one of coal. 

Above the village it is seen again, a portion having been burnt: in the unburnt part there is 

a hand of 8 inches of very good coal and several thinner layers. About 25 feet in all of this 

seam is exposed at this second locality. 

Between this and Bograkachar there are frequent outcrops of carbonaceous shale with coaly 

layers belonging to several distinct seams. Close to Bograkachar there is a seam of similar 

character with a slight indication of a dip to east south-east. The contained coal is in very 

thin layers. How far these rocks may extend northwards up the bed of the river I had not 

time to ascertain, but from the pebbles I think it probable that the gneiss cannot be very 

far distant. 

This little area of carbonaceous rocks which occupies the beds of the Baisandar and 

Jliajia rivers may be best understood by regarding it as a vast seam of some 500 feet 

of coaly and carbonaceous shale with irregular partings and interpolations of sandstones. 

Occasional thin bands of good coal occur, but they are rare, and the prevailing components 

of the seam are blue and black carbonaceous shales. 

The prominence and abundance of the outcrops are such that no one could possibly avoid 

noticing the coaly looking beds which are particularly well exposed in the vicinity of the road 

crossing at Tiltripara. 

As to the extension of these seams southwards underneath the upper sandstones 

nothing certain is at present known, and should it be found that the latter rest immediately 

on the Talehirs of the south boundary, then it will he impossible to solve this question 

without having recourse to borings. 

The centre part of this field is traversed by two principal streams, the Koldiga and the 

Kelo, with a number of smaller tributaries. The high ground between these is probably for 

the most part occupied by outlying patches of the upper sandstones, while in the river beds 

Barakar rocks are exposed. 

Kelo Section.—In the river section between Jhargaon and Hokra there are several 

outcrops of seams consisting of carbonaceous shale. Only one, that near Tiptipa, contains 

coal, hut even there It is in too small quantity to be of any use. At Hokra there is a 

10 foot seam of concretionary shale, no coal—dip 4° to 35° east of south. 

Beyond theGari Ghat there is a 2 foot seam of concretionary shale and coal—dip 7° south. 
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In the Bendia (near the mouth), which joins the Kelo at Gari, there is a considerable 

seam. 

Ascending—Dip irregular, south-ivest 5°. 

Ft. In. 

1. Carb. shales, bedding irregular, with some slight coaly layers 

towards base ... ... ... ... ... 4—5 0 

2. Coal, portions flaky, but for the most part burnable, much wea¬ 

thered ... ... ... ... ... ... 4 10 

3. Parting, ferruginous sandstones ... ... ... 0 6* 

4. Flaky co>d with carb. shale excessively weathered and decom¬ 

posed ... ... ... ... ... 6 0 

15 4—16 4 

I think it possible that some good coal might be extracted from this seam. In its present 

decomposed condition even, it is easy to see from the manner of weathering that good or fair 

coal exists. The thicknesses given above do not hold for all parts of the seam. In this 

same stream (Bendia) higher up a rolling seam of carbonaceous shale with a few inches 

of coal continues on both sides for about half a mile. 

Between this and the village of Kornkel there are three seams consisting of blue shales, 

the most southern of which contains some layers of good coal 6 inches thick. 

Returning to the Kelo section. At the top of the next reach beyond the mouth of the 

Bendia there is a seam containing 12—15 feet of blue and black shales with coaly layers—dip 

4° to 30°, south of west. 

In the next mile and a half four or five seams are met with ; they are apparently repeti¬ 

tions of those above alluded to in the Bendia; none of them contain any useful quantity of 

coal. 

At Milupara there is a change in the dip to more or less north of west, and two or three 

seams are exposed with intervals covered. Sandstones are the only rocks seen up to Ivhara, 

but near the village there are some greenish fine sandstones which I at first thought might be 

Talchlrs, but they appear to overlie the carbonaceous shale. Near Khara there were still 

fragments of coal in the stream, which showed that the northern limit of the Barakars had 

not been reached. There were also, however, a quantity of gneiss fragments which had 

not the appearance of having travelled any great distance. The hills formed of the upper 

sandstones impinge close on the banks of the liver in this neighbourhood. 

Koldiga Section.—Iu the Koldiga below Mahulai there are rolling carbonaceous shales 

with ironstones and flaggy beds, but I did not see any coal. The whole aspect of these rocks 

reminded me more of the “ carbonaceous shale and ironstone group" than of any other rocks 

ot the lfannida scries which I have elsewhere met with. I am not. however, prepared to say 

at present whether they are susceptible of separation from the Barakar group. 

Between the Samkera and Parega and Samkera and Gashahari road ghats the flags 

accompanying the carbonaceous shales present a very peculiar appearance, being of green buff 

and grey colors, sometimes resembling Talchirs, but always closely connected with the 

carbonaceous shales. 

East of this the section consists principally of carbonaceous shales up to Dumartoli, 

where the stream falls from the higher ground occupied by the upper sandstones. 

Much remains in this area to he done in the detailed separation of the Barakars from these 

upper rocks. Except where there are marked physical features, owing to the slightness of the 

contrast in lithological characters, it is extremely difficult to draw a satisfactory boundary. 

West from the Kelo the coal-hearing rocks are found for a distance of 13 miles. 
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In the Paju river there are some fragments of coal brought from some seam or seams 

north of the high road, but none are exposed in its immediate vicinity. 

In the Dighi stream at Deogurh there is a seam of blue and black carbonaceous shales with 

5 inches of coal at the top. No better seam is exposed in the river for a mile to the south. 

In the Hurinara stream there are sandstones and some traces of coaly and carbonaceous 

shales. Between the valleys of Simra and Charatanga there are some ferruginous sandstones, 

possibly Barakars. Between Charatanga and the Kurket river there are Barakar sandstones, 

and the same are better seen in the bed of the river itself. The section examined in both 

directions north and south for about half a mile showed no signs of coal in situ, but fragments 

occur in the bed of the stream. 

The boundary of these rocks must cross the Kurket about midway between the villages 

of Kabo and Bagchapa.* 

Bagchapa itself is on gneiss, and about a mile to the south the boundary of the Vindhyans 

is marked by a low range of hills. 

Upper Sandstones. 

The manner in which, especially in the eastern portion of this field, the coal-bearing rocks 

have been covered by the upper sandstones has been already alluded to. The principal area 

of these rocks exists south of the strip of Barakars which are exposed at the drainage level 

by the rivers and streams. How far it extends southwards is not known, and the important 

economic question as to the extension of the coal measures underneath has still to be deter¬ 

mined. If it be found that the Bardkars crop out from beneath them and rest on 

the Sumbulpur Takhirs described by Mr. M edlicott, then the question will be solved, but if, as 

is possible, and in some degree probable, the upper sandstones lap over on to the Talchirs 

without any appearance of Barakars intervening, then the extension of the latter can only bo 

ascertained by borings. 

North of the Barakar sections the upper sandstones form large hills, sometimes resting on 

the former and sometimes resting immediately on the gneiss, as is particularly well seen in the 

valley north of Jhanjgir. The lithological characters of these rocks are very much the same 

as they were in the northern fields—highly ferruginous sandstones and grits, and red brown 

and ochreous clays sometimes with fragments of plants. The bedding is for the most part 

horizontal, and apparently does not partake of the rolling which characterises the underlying 

Barakars. 

Description of the sandstones in the neighbourhood of the first barrier on 

the Godavari, and in the country between the GodavarI and Ellore, by 

William T. Blanford, F. G. S., Deputy Superintendent, Geological Survey. 

A brief notice of the great sandstone tract in the valley of the Godavari and its tributaries 

has already been given in the Records of the Geological Survey of India for 1871, pages 49—52. 

The following pages furnish a somewhat more detailed account of the south-eastern portion 

of this area, extending from the junction of the Tal with the Godavari to the alluvium of 

Yelaur (Ellore) and Kajamahendri. 

The only portion of the country which has been closely examined is the area occupied 

by the Darnuda rocks, which are seen in the Godavari just below the junction of the Tal, 

and again about 30 miles lower down the river near the village of Deorpali and Ganara on 

the left bank, and of Amvavaram, Damaroherla, and Madavaram on the right. The remainder 

* As I had no map whatever of this country, I did not attempt any detailed examination. 
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of the sandstone tract, consisting principally of Kamthi beds, has been more cursorily 

surveyed. Talchirs occur in several small patches, mostly isolated, in the immediate neighbour¬ 

hood of the river. 

The description commences at the northern extremity of the area, at the confluence of the 

Tal and Godavari. The various rocks seen on the banks of the latter river between the 

Tal and Bhadrachalam are noticed in succession, then the sandstones around Ganara and 

DeorpaK north of the G odavari; and the remainder of the paper is composed of notes on the 

sandstone tract extending from Madavaram and Paluncha on the north to the coast alluvium 

on the south, commencing at the north-cast corner near Madavaram. 

The country has hitherto attracted but little attention from Indian Geologists : a portion 

of it is briefly described in Dr. Voysey’s Second Report on the geology of Hydrabad* * * § 

and in the extracts from his private journals ;f and the sandstones on the river banks are 

noticed by Mr. Wall in his “ Report on a reputed coal formation at Kota.”J But none of 

these papers do much more than to mention the existence of sandstone or other rocks in 
particular spots. 

It may be as well briefly to mention the features of the Godavari valley above the 

mouth of the Tal. Prom Sironcha the river runs through sandstones as far as the commence¬ 

ment of the second barrier just above the confluence of the Indraoti river with the Godavari. 

Here it enters metamorpkics, the sandstones (Kamthi, &c.,) occupying the country to the 

south-west. At the bottom of the barrier, after traversing a band of Vindhyan quartzites, 

the river enters the plant-bearing sandstones, and they are the only rocks seen upon its banks 

from this point to the mouth of the Tal, but at a short distance inland from the left bank 

a high range of Yindhyan quartzite runs parallel with the river, and terminates, a few miles 

before reaching the Tal, not far from the large village of Charla, whilst the quartzites and 

their associates extend as for as the Tal, and re-appear south of it. On the right bank of the 

river the sandstones stretch for a considerable distance, much farther than on the left. 

All the country between Charla and the Godavari appears to be alluvial; no rock is seen 

in the river bank for a long distance above the mouth of the Tal. 

On the road from Charla to Tiagra (Tengra) Talchirs are seen about a mile from the Tal. 

_ , _ , Some more are met with in the jungle to the east- 

ward ; but between the road and the Godavari none 

were detected. At Charla itself, nothing could be seen on the surface, and the hills to the east¬ 

ward are of Vindhyan sandstone, but blocks of unmistakeable Kamthls have been dug out 

from the north side of the village to repair the tank. There can, I think, be but little doubt 

that these are in place, and, if so, both Damlidas and Talchirs, which appear to the south¬ 

ward, must here be overlapped. 

In the branch of the Godavari east of the island (char or tanka) above the mouth of the 

Tal one solitary block of coarse conglomerate is seen. 

Hocks near mouth of 141 just above Ling£14. Precisely similar rocks come in, dipping at about 17° 

to the west at the spot where the Tal joins the 
Godavari. At this place fragments ot coal have been picked up, but despite much search, 

borings through the sand, &e., their source had not been discovered until after I had left 

the country.§ Three hundred or 400 yards above its mouth, Talchirs appear in the Tal, dipping 

* J. A. S., 13., 1833, Vol. It, p. 383. 

t Id. 1851), Vol. XIX, pp. 287-288 ana 296-302. 

t Mad. Jour. Lit. mid Sci., 1857, Vol.XVIll, p. 256. 

§ Since I left the Godavari, Mr. Vaustavcrn has cut into a small seam of coal under the rocks on the north 

side of the Tal at its mouth. It is about a foot thick aud yerj study. This is doubtless the source of the coal 
f ound at this spot. 
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at a high angle to the westward, and the same rooks recur at intervals for about three miles ; 

then limestone belonging to the Vindhyans makes its appearance. This limestone has been 

employed in the anicut and locks at the first barrier. 

Above Tiagra the Talchfrs seem not to extend far east of the bed of the Tal, metamorphics 

appearing near the stream on the right bank. On the left bank a hill of Vindhyan sand¬ 

stone appears just above Keshupur. The range of hills east of Tiagra, extending to llalveru, 

are of Vindhyan quartzite, east of which metamorphics occur. To the west of them Talchn-s 

are seen near Tiagra, but to the southward all is alluvium between the road to Dumagudem 

and the river. 

Along the (left) hanks of the Godavari below the mouth of the Tal, reefs of typical 

Damuda sandstone, more or less conglomeratic, run 

Rocks on banks of Godavari near Lingala. parallel with the bank to some distance south of 

Lingala, The dip is west, and west by south,—at 

Lingala W. 30°—40° S.,—with an inclination of 17° to 20°. These beds abound in Vindhyan 

pebbles and detritus, by which they are coloured quite red in some places. Small seams of 

coal have been found amongst them by Mr. Vanstavern in two or three places, but none 

exceeded 2 feet in thickness, and they can be traced a short distance only. Reefs of similar 

rocks occur in the river at a distance from shore, and beneath one of them a seam 5 feet thick 

was found by Mr. Vanstavern. 

At Omadharam, below Lingala, the river bank falls back to the eastward, and the strike 

of the rocks turns to the south, and then south-west, crossing the river. Beneath the lowest 

reef of Damuda conglomerate seen is some fine sandstone, probably belonging to the Talchlrs. 

Below this no rocks are seen on the left bank of the river for more than three miles. About two 

and a half miles above Parnasaln metamorphics appear, and continue as far as Dumagudem. 

Above the spot, at a village called Tarkala, Singaram (Ryeekelgoodium on one map) where 

the Damudas appear on the right bank opposite Lin- 

Mana“itr.B s<mth'west of tte God4vari near gala, striking across the river, no rocks are seen in 

the river bank as iar as Biarain, a distance of eight or 

nine miles, and the country near the river bank consists of alluvium. Further inland rock crops 

out here and there, but much of the surface is covered with sand or sandy clay. On the 

road from Managur to Mangampet coarse felspathic sandstone is seen in two or three 

places. There is a hill of conglomerate dipping westward, south-west of the village of 

Romanja, and coarse sandstone and conglomerate is seen near Pyaran Tank. The hills west 

of Managiir consist of similar beds, white and brown in colour. The sandstone has the same 

loose pseudo-vesicular texture which is seen in some of the Kamthf beds, and in one 

spot hardened clay is intermixed with the rock as at Sironcha. The dip is low to the 

west or west by north. 

Rock is exposed here and there throughout the thick jungle with which all the coun¬ 

try is covered, except in the immediate neighbourhood of the river bank. Some small pits 

were made and borings put down near Singaram, and sandy shale and clays, white, pale 

buff, pink and brown, were met with, some of those cut into in the pits containing Glussop- 

teris. The beds seen at Singaram must be a continuation of the Damudas seen at Lingala, 

but it is impossible to say how much, if any, of the 

Rocks near singaram. coarse sandstones and conglomerates seen west of 

Managin'should be ascribed to this group. Judging 

from the other rocks found to the south-east, a large proportion of these beds are probably 

Kamthi, and fhere is every appearance of the Damudas being overlapped by the Kaiutlus 

near Managur, as they are in all probability at Charla. 
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The beds seen in the river bank at Singaram are brown and white sandstones, evidently 

Dannidas, and the prolongation of the rocks seen at 

Singaram. Lmgala. Iheir dip vanes, being usually W. 10 to 

20° N., and about 20°, but it ranges from 10° to 30°, 

and is difficult to make out exactly. Down the river, Takhirs come in about half a mile or 

rather less below Singaram and 200 yards west of the village of Yegilradigudem, and dip north¬ 

west about 12°. They are thence seen in the river bank at intervals for about three and a half 

miles, as far as a little village called Eaigudem. Here the last outcrop of Talehirs occurs at a 

small jutting point; metamorphics appear about 200 yards further down the river, near the 

houses of the village. A hill not more than 100 yards from the river bank is of Vindhyan 

quartzite, but in the river itself only metamorphics are met with. The dip of the Takhirs is 

somewhat irregular, but chiefly to the north-west, and a considerable area must be exposed. 

The country west of the river from this to Bhadrachalam was only very cursorily examined. 

The great ridge of Katangota running north-east 

demC0Untry we8t 0f God4v"£ne" to south-west is of Vindhyan quartzite j it is isolated, 

being bordered by metamorphics on the south-east, 

and partly on the north also; while to the west and south-west Talehirs occur, and a belt of 

them extend from its southern extremity to the Godavari at Diimagudem, the village of Mita- 

giidem resting upon these beds. Vindhyans re-appear in the hills south and south-east of 

Mitagudem; they form the hill about a mile west of the Godavari opposite Diimagudem, and 

extend south as far as Gondigildem, and thence for an unknown distance to the westward. 

They are much haixlened, and the softer beds are rather schistose. The southern boundary of 

the plant-bearing series runs from Ratangota bill westwards through Buga, where there is a 

hot-spring ; all Dannidas and Talehirs disappearing and massive Kamthis abutting against the 

Vindhyans. Prom near Buga the boundary runs south-west through a very wild jungle, 

metamorphics replace the Vindhyans, the latter not being found to the southward so far as the 

rocks were examined, whilst the area of the plant-hearing sandstones extends for an unknown 

distance to the west towards Paikhal. 

The anicut of the first barrier opposite Dumagfridem is on metamorphics, but just below 

Talehirs come in, apparently continuous with the 

Roots in GodSvarf near Diimagudem. larger area to the westward. They occupy the river 

bed for rather more than a mile, and are seen on both 

banks, but do not appear to extend to the eastward. They are quite characteristic, mudstones 

and fine sandstones; tlie dip is variable. Just below Amfigarpali some coarse gritty hard 

sandstone is exposed, dipping north-west; it is unusually coarse for Talehirs, being even con¬ 

glomeratic. 

The map west of the river is very inaccurate, and tile two banks by no means coincide. 

Just below the anicut, the right bank is marked too 

Inaccuracy of map. far south or dowu the river by 200 yards, whilst a 

mile farther down points on the right bank are a 

quarter of a mile farther north than those which are really opposite to them on the left bank. 

A small exposure of Talehirs is seen on the right bank of the river at Sinteral, two miles 

or rather more below Diimagudem; another on the opposite hank (perhaps part of the same) 

just below. The latter extends for about a mile east 
Talehirs south of Dumagudem. of the river. Talehirs again occur on the left bank 

just above Dautheram point, which is of granitoid 

metamorphics, and a mile and a half below they are seen for a mile along the left bank, not 

extending across to the right. They, however, stretch inland, to the eastward for about six 
miles. 
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The lowest, beds seen on the river bank west of' Narsapur are compact fine grained sand¬ 

stone dipping north-east and resting with pseudo conformity, as not unfrequently happens, on 

the metamorphics. South of Narsapur, and a little east of the river bank, close to a small nala, 

this fine sandstone has been quarried, to some extent for the navigation works at Dtimagudeni. 

It cuts well, but has been found to have a great tendency to split and crumble after exposure. 

East of Narsaptir the ordinary shales or mudstones prevail. Boulders, some of them 

of great size, abound on the road from Narsapur to Bandalgudem. One must have been 

nearly 10 feet in diameter. The larger blocks are metamorphic, but smaller pioces are of 
Vindhyan sandstone and limestone. 

From Tarbaka near Narsaptir to Raigudem, on the right bank of the Godavari, close to 

the mouth of the I’amaleru, four miles below Bha- 

Metamorphics near BhadriSchalam. drachalam, only metamorphic rocks are seen in the 

Godavari. In Maleobnson’s Map* Deccan overlying 

trap is represented as occupying a considerable area on both sides of the river close to Bha- 

draehalam. I have not been able to trace the source 

Trap on Maleolmson’s Map. of Malcolmson’s information, but it must have been 

founded on the large quantity of hornblendic gneiss 

occurring at Bhadrachalam and in the neighbourhood. Some of this is so compact as to 

become mineralogically a greenstone. 

The north or left bank of the Godavari is composed of metamorphic rocks until dose to 

the village of Deorpali, whilst the south or right 

Banks of Godivari below Bhadrachalam. bank consists of sandstone from Raigudem, the boun¬ 

dary between the two, which appears to be a fault, 

running along the cbamiel of the river. The hot spring at Gundala, temperature 140°, is con¬ 

cealed beneath the sand of the river, and a small well is 

Hot spring of Gundala. annually made in the sand in order to reach it. This 

is done at a feast in the month of April. The 

position of the spring is apparently a little north of the boundary between the metamoi’phics 

and the sandstone, but as very few rocks are seen, the exact position of this boundary is 

uncertain. 

From Deorpali sandstones occur, wherever any rocks are exposed, on both banks of the 

river, with one exception, as far as Nandigur on the 

Sandstones below Deorpali. left bank, and a little below Madavaram on the right. 

The exception is on the latter for about a mile and a 

half above the village of Polaram, where metamorpliics appear. Below Madavaram no 

sandstones are known to occur. 

The sandstones around Raigudem, Deorpali, Madavaram, &c., are part of the great area 

extending southwards to the neighbourhood of Ellore and Bajamahendn, which has been 

briefly described in the Records of the Geological Survey for 1871, p. 49. A lull detail of 

the boring operations is given in the same volume of the Records, p p. 59-66. 

In proceeding to describe the geological features of the sandstone area extending from 

Raigudem, Deorpali, and Madavaram on the north 
^Arrangement of notes on the sandstone apUyium 0f Ellore, it will be most convenient 

first to give such notes as have been made on the 

small tract north of the river near Deorpali, next those on the isolated area to the south 

around Madavaram, and finally a brief account of the large extent of sandstone extending to 

the southward from Raigudem and Paluncha. 

* Geo!. Trans., Ser. 2, Vol. V, pi. XLVII. 
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In the small sandstone area extending along the north or left hank of Godavari from 

Deorpali to Nandigur but little rock is exposed. 

Sandstones north of Godivarl near Deorpali. except ill the hills near the first named village, the 

greater part of the ground being thickly covered with 

river alluvium. The sandstones extend inland from one to two miles from the river bank, and 

consist principally of Damudas, Talchirs being seen 

Sandstone tract near Deorpali. at or outside of the northern boundary in two places, 

whilst the rocks forming the Deorpali hills are 

probably of Ivamthf age. It is possible that this tract and the corresponding one south 

of the river around Madavaram are faulted in places, as some of the few dips seen are 

confusing and anomalous. 

The exact position of the eastern boundary is, in great measure, undetermined. The 

first rocks exposed are in the Nandi Vagu* near Nandigur. In this, for about half a mile from 

the Goddvari, fine yellow felspathic sandstone is seen in places, dipping at a considerable 

angle to north-west* by west, that is, in the direction of the boundary. Metamorphics 

occur to the eastward, but not in the immediate neighbourhood of the stream. The last 

sandstone seen to the northward in the stream bed has low but irregular dip. Above this no 

rock is seen for more than a mile, but sandstones probably occur, because rolled pebbles of 

quartz, &c.. ar-e abundant west of the stream and south of the village of Nsllagunta. 

Metamorphics make their appearance in the Nandi stream nearly due east of this village. 

No sandstone whatever is seen in place between the Nandi stream and the Ganar, but 

metamorpkic rocks crop out to the north. Two boreholes put down north of the village, of 

Ganara entered quicksands at depths of 34 and 22 feet respectively, and it was found 

impracticable, after sinking in the first instance through 18 feet, and in ihe second through 

24 feet of loose sand and water, to penetrate to the rock. In the GanarVagu Damudas are 

seen in two or three places about half to three quarters of a mile from the mouth, and in a 

boiing at one of these coal was discovered (see Records, 1871, pp. 61-62). Above this 

metamorphics appear, but still further north Talchirs are met with, and extend north for 

about a mile towards the villages of Malipur and Kishtaram. They are almost, if not 

entirely, separated from the Damudas, metamorphics intervening not only in the stream, but 

to the east of it, while to the west the surface is much covered by alluvium. 

West of the Ganar stream sandstone is exposed in several places near' ihe village of 

Tatpali and south of Egerpeta, but the dip is obscure. Apparently it is to the south, 

and the borings put down south of Tatpali appear to indicate that it is very slight. But at 

one spot, at a tank almost due south of Egerpeta and north-west of Golagddem, sandstone 

is seen dipping to the north-east at 60,° proving the existence cither of faulting or of great local 

disturbance. Prom this place little, if anything, is seen to the westward as far as Goguleaka. 

In a field close to Egerpeta some Talchir shales were found, but none could be detected thence 

to the westward till about half a mile east of Glmtipar, where they are exposed along the boun¬ 

dary for a short distance, and are well seen in a small nala, all in thick jungle. 

The hills near Deorpali consist entirely of' grit or conglomerate, and no shale is seen in the 

section exposed in the river. It appears most probable that the rocks belong to the KarntM 

group. Whether a fault, in continuation of the boundary south of Madavaram, runs up the 

river, separating these rocks from those of Amravaram, is doubtful. Even if such be the case, 

it may be of older date than the Kamthis, which here, as near Lingala, appear to be proved by 

their distribution to he quite miconformable to the Damudas. 

* Vagu, Telinga for stream, equivalent to Nadi in Hindustani. 
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Tlie tract of sandstone on the right hank of the river opposite to that just described 

extends from near Madavaram to Polaram, or rather 
Sandstone tract near MSdav&am. , , , 

more than four miles from easttowest. Where broad¬ 

est it is between two and three miles from north to south. The southern boundary is nearly 

straight, and although there is not, except in the south-east corner, much appearance of disturbance 

along it, it is difficult to believe that it is natural. The dip throughout is to the westward, 

and usually rather high, being seldom less than 10°, frequently 15°, 20°, or even 30°. Talchirs 

occur in the extreme south-east corner; all the remaining area appears to be occupied by 

Damudas. 

The Talchirs are only seen in a stream which runs into the God&varl near Raigoma ; they 

are the usual tine silty shales and sandstones, and are vertical, or dip at high angles to the 

west and north-west. They were not seen between the two hills just north of this spot, the 

one of metamorphics, the other of Damuda grit and conglomerate. 

The whole eastern boundary of the rocks north of these two hills is concealed by 

alluvium in the river, which here runs north and south; metamorphics are seen along the left 

bank. To the east of the alluvium is a low rise formed of conglomerate, extending north to 

the river east of MadavSram and terminating on the south in the high hill just referred to, 

which lies west of the village of Kondapali. This hill has precipitous sides to the east and 

south, exposing a section of the conglomerates composing it. 

In tho small stream which runs into the Godavari near Injaram, north of Kondapali, 

much conglomerate is seen, but no continuous section is exposed for any distance. Rocks 

are traced at intervals along the southern boundary of the field, and are usually conglomeratic. 

The hills near Polaram and a smaller rise south-east of it are of the same kind of rock. This 

of course is in favour of the southern boundary being natural, but it should he remembered 

that the conglomerates being harder-, are more likely to he exposed than the softer rocks 

which may intervene between them. There is much lime along the southern boundary near 

the villages of Palohalkar and Gangaram, some compact limestone occurring north of the 

last named village, hut it is apparently a superficial accumulation. 

Throughout this sandstone tract, as a general rule, very little rock is seen; usually 

when any appears above the surface, as west of the tank south of Shiruveli, it is grit or 

conglomerate. But a tolerable, though by no means continuous, section is exposed in the 

bank of the Godavari. Here also the eastern boundary is not seen, metamorphics ar-e met 

with about half way across the river bed (here about a mile broad) opposite the village of 

Murmur, and at the salient angle of the river bank below Madavaram there is horizontal 

conglomerate and grit, being the same beds as those forming the rise which bounds the sand¬ 

stone tract on the east. The conglomeratic character appears to diminish rapidly to the 

westward, in which direction the beds for a short distance dip east, exposing about 100 feet 

of rocks, sandstone grit, and some argillaceous beds. The dip then changes to the westward 

just at the mouth of a small nald, and grey or pale brown sandstone with occasional bands 

of grit or sbale, all of typical Damuda characters, dip at a high and rapidly increasing 

angle to the westward. At the anticlinal opposite the mouth of the little nala, a borehole was 

made to a depth of 193 feet 6 inches in order to prove rocks lower than any exposed on the 

section. It went through alternations of brown and white sandstones, with thick beds of 

dark shale containing two or three small and useless seams of coal, none of them exceeding 

8 inches in thickness (see Records, 1871, p. 61). 

At Madavaram there is some crushing and, possibly, faulting, the sandstone being cut up 

by calcareous vpins. A high dip, varying from 20° to 40°, continues along the river bank as 

far as Shiruveli, the beds being coarse or fine sandstones of varying hardness with occasional 
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shales. Near Shiruveli the dip becomes lower. In some clays just east of the village 

Glossopteris, Pecopteris, Vertebraria, and Catamites occur. 

Thence to Damarcherla the dip is moderate, about 5° to 10°, and the rocks fairly seen on 

the whole. They are much the same as to the eastward, fine felspatkic sandstone and fine 

clays predominating, with occasional hard massive bands of fine brown sandstone. At 

Damarcherla there is a little conglomerate and some hard ferruginous bands like those in the 

Kamthis. 

About half a mile, or rather less, west of Damarcherla, the beds roll up sharply, and there 

may be a fault here. They soon roll over again and consist of coarse felspathic sandstones, 

generally pink coloured or ferruginous, and conglomerates, but associated with hard compact 

grey felspathic sandstones. These rocks continue to beyond Polaram, metamorphics appearing 

at the mouth of the stream west of the village. 

A small rising ground in the metamorphics south of Polaram contains large quantities 

of magnetic iron ore in laminae with quartz. The 
Magnetic iron ore near Polaram. ore has evidentJy bBen largely dug 1Vom tkis Bpot 

iron manufacture. for smaU digging8 are scattered over the ground. 
The iron ore shows very distinct polarity in its action 

on the needle. In a small village near this I found women making iron in a little furnace 

barely7 2 feet high—a miniature of the Talckir furnace—worked by small foot bellows about 

1 foot in diameter. The furnace inside is only 6 inches in diameter at the base, 3 inches at 

the top. It is said by the people that two pieces of iron, each weighing It seer and valued 

at 4 annas, are made in a day7.* 

Sandstones near Pundigul and Amrava- 

Sandstone again comes in on the right bank of the river close to the abandoned village 

site of Pundigul. The actual junction of the two 

series is again concealed, but there can be little doubt 

of the boundary being natural. It runs to the south¬ 

ward into dense jungle, where its position is difficult to ascertain correctly on so imperfect 

a map ; the rocks being very poorly seen. 

In the right bank ol the Godavari, from just above the base at Pundigul to the village 

of Amravaram, a good section is exposed in which 

very few breaks occur. The general dip is west, 

varying in amount from about 7° to 12°. Towards 

the base yellowish-brown sandstone prevails, coarse and felspathic. Above this, to the 

north of the hill, there is much conglomerate, and thence to Amravaram sandstone again. 

No clay7 or shale is seen, much less coal, but some coarse impure ironstone occurs. 

Sandstones near Araravdram. 

About the middle of the village"! the section ends, and only scattered outcrops, concealed 

beneath the river except in the driest season, occur in the bank of the river above. Just 

above the mouth of the stream, which enters the river above the village, fragments of coal 

occur on the river’s bank just below a conspicuous clump of green bushes ; some sandstone 

occurs in the bushes, and a boring might be put down through it. Above this, again, but one 

small outcrop of rock is seen, nearly in front of Thondipali, as far as Gumpanapali just below 

Rag-udem. Even near Mondipak (nearly opposite Gagubaka) only a few blocks of coarse sand¬ 

stone are exposed. Near the river bank the country is an alluvial flat, and farther inland 

a sandy rise covered with thick jungle, amongst which a few scattered blocks of coarse 

sandstone and conglomerate may occasionally7 be seen. 

* 'The people were of Lohar caste, i. e., low caste Hindus. The Kois, who are Kolarians (though called Gonds 

by the Mussulmans ol the country), are said to make iron with foot bellows in a hole in the ground without auy 
furnace at all. 

■p This is placed too far east on the map, which is very inaccurate about here. 
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The nala which runs into the Godavari, east of Amravaram, exposes no rock for some 

distance from its mouth, and no good section is anywhere seen in it. Soft felspathic sand¬ 

stones and, towards the base, conglomerates are met with in it here and there. Even less 

rock is seen in the large Machimangh nala which runs past Kometlagudem. Sandstone only 

appears in this in the form of a few blocks, exposed just below the junction of the two princi¬ 

pal streams which unite to form it. The more westwardly of the two joining streams, how¬ 

ever, only traverses metamorphias for a very short distance: above this Talchirs are exposed, 

although there are none in the main stream a few hundred yards distant, where the meta- 

morphics and Damudas are seen within a few yards of each other. After about one quarter of a 

mile of Talchirs, Damudas or Kamthis (they are undistinguishable here) again come in dipping 

west south-west. There is a considerable quantity of coarse felspathic sandstone of various 

colours, mostly brown, or irregularly streaked, and hard ferruginous hands occur at intervals ; 

occasionally clay is found in the sandstone. Conglomerate is not prevalent, but it is mot 

here and there. 

There is absolutely nothing about these beds by which the}r can be distinguished from 

Damudas, hut there can he hut little doubt that the greater portion, if not all, belong to the 

Kamthis. From the general dip they must have overlapped the Amravaram beds. They 

appear softer than the rocks seen in the river’s bank near Amravaram and Madavaram, 

but this is not an important distinction. 

The hills near Kometlagudem are of open textured felspathic sandstone, usually white or 

pale brown in colour, with hard ferruginous bauds. The sandstones on the hills in this 

neighbourhood have generally this somewhat open texture, which is not usually seen in 

ravine sections, and may be duo to the washing out of the decomposed felspar from between 

the grains of quartz. The character of the sandstone is that of the Kamthi beds, but no 

typical Kamthi rocks occur, neither vitreous sandstone, nor the Ted and yellow compact shale, 

nor the fine micaceous variegated sandstone. 

From these hills, others formed of similar sandstone stretch away to the southward, 

bordered to the east in the valley of the Machimangu stream by metamorphics, no Talchirs 

intervening. 
(To he continued). 

ACCESSIONS TO LIBRARY. 

From 1st July to 30th September 1871. 

Titles of Books. Donors. 

An account of the organization and progress of the Museum of Comparative Zoology at 

Harvard College, in Cambridge, Mass, (1871,) 8vo., Cambridge. 
Director of the Museum. 

Barbut, James.—The Genera Vermium exemplified by various specimens of the animals con¬ 

tained in the orders of the Intestina and Mollusca Linnaei, (1783,) 

4to., London. 

„ „ The Genera Vermium of Linnaeus exemplified by several of the rarest and 

most elegant subjects in the orders of the Testacea, Lithophyta, and 

Zoophyta Animalia, (1788,) 4to., London. 

Barbande, Joachim.—On the Primordial Fauna and the Taconie System, with additional 

notes by J. Marcou, (1800.) 8vo., Boston. 

• L. Agassiz, Dir., Mus. Comp. Zool., Harvard Coll., Mass. 

Bastian, H. C.—The modes of origin of Lowest Organisms, (1871,) 8vo., London. 



116 Records of the Geological Survey of India. [vol. IV. 

Titles of Books. Boners. 

Billings, E.—Geological Survey of Canada. New species of Lower Silurian Fossils, (1861- 

1862,) 8vo., Montreal. 

L. Agassiz, Die., Mrs. Comp. Zool., Harvard Coll., Mass. 

Boussingadlt, M.—Coquilles et echinodermes fossiles de Columbie, (Nouvelle-Grenade,) 

(1842,) 4to., Paris. 

Bose, L. A. G.—Histoire Naturelle des Crustaees, Vols. I., II., (1803,) 12mo., Paris. 

Bbandt, J. F.—Prodromus Descriptionis Animalium ab H. Mertensio in Oi'bis terrarum 

ciremnnavigatione observatorum, Fasc. I., (1835,) 4to., Peti-opoli. 

Beeynius, J. P.—Dissertatio Physica de Polytbalamiis, (1732,) 4to., Gedani. 

Busch, De. William.—Beobachtungen iiber AnatomieundEntwickelung einiger Wirbellosen 

Seetliiere, (1851,) 4to., Berlin. 

Cailliaud, F.—Catalogue des Eadiaires, des Annelides, des Cirrhipedes, et des Mollusques, 

Marins, Terrestres, et Fluviatiles recueilles dans le Departement 

de la Loire-Inferieure, (1865,) 8vo., Nantes. 

„ „ Observations sur les Oursins Perforants de Bretagne, with supplement, 

(1856-1857,) 8vo., Paris. 

Colding, A.—Om Stroinningsforkoldene i almindelige Ledninger og i Havet, (1870,) 4to., 

Copenhagen. 

Danish Academy. 

Cotta, Beenhaed von.—Der Altai, (1871,) 8vo., Leipzig. 

„ „ „ Geologische Bilder, 5th edition, (1871,) 8vo., Leipzig. 

Cox, E. T.—First Annual Keport of the Geological Survey of Indiana made during 1869, 

with three maps and colored section in case, (1869,) 8vo., 

Indianapolis. 

Haevaed Coll., Mass. 

Cumbeeland, Geoege.—Eeliquiai Conservatre, (1826.) 8vo., Bristol. 

Dabwin, Chaeles.—The Descent of Man, 2 Vols. 1871—(1871,) 8vo., London. 

Dujaedin, F., et Hupe, H.—Histoire Naturelle des Zoophytes Echinodermes, with folio 

plates, (1862,) 8vo., Paris. 

Duveenoy, M.—Mdmoire sur TAualogie de composition et sur quelques points de l’organi- 

sation des Echinodermes, (1848,) 4to. 

Elliot, Sie H. M.—The History of India, as told by its own Historians, Vol. III., (1871,) 

8vo., London. 

Government of India, Home Depaetment. 

Gaudby, Albert.—Memoire sur les Pieces Bolides des Stellerides. These de Zoologie, (1852,) 

4to., Paris. 

Gemmallaeo, Peof. G. G.—Nerinee della ciaca dei D’intorni di Palermo—4to., Palermo. 

Geological Survey of California. Paheontology, Vol I., (1864,) II., (1869,) (1864—1869,) 4to., 

Philadelphia. 

L. Agassiz, Haevaed Coll., Mass. 

Geaeffe, Eduahd.—Beobachtungen iiber Eadiaten and Wiirmer in Nizza, (I860,) 4to., 

Zurich. 

Geas, Albin.—Description des Oursins Fossiles du Departement de l’lsere, (1848,) 8vo., 

Grenoble. 

Geateloup, De.—Essai sur la Distribution Geographique, Orographique, et Statistique des 

Mollusques, TeiTestrcs, et Fluviatiles Vivants du Departement de la 

Gironde, (1858-1859,) 8vo., Bordeaux. 

» a Memoire de Gdo-Zoologie sur les Oursins Fossiles Eehinides, (1836,) 8vo., 

Bordeaux. 
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Titles of Books. Donors. 

Grateloup, 1)e.—Memoire sur plusieurs especes de coquilles nouvelles ou peu connues de 

mollusques, (1840,) 8vo., Bordeaux. 

Grewingk, C.—Ueber Soplocriims dipentas und Baerocrinus Ungerni, (1867,) 8vo., Dorpat. 

Hagenow, De. F. v.—Monographie der Rtigen’schem Kreide-Versteinerungen, II., Abth. 

Badiarieu und annulaten, (1840,) 8vo. 

Hauee, F. R. V.—Zur erinnerung an Wilhelm Haidinger, aus Jahrb. d. k. k. Geol. Reich, 

(1871,) 8vo., Vienna. 

The Author. 

Jaeger, G. F.—De Holothuriis Dissertatio Inauguralis, (1834,) 4to., Turici. 

Jackson, Charles T.—Report on the Geological and Mineralogical Survey of the Mineral 

Lands of the United States in the State of Michigan, under Act of 

Congress, 1847, (1849,) 8vo., Boston. 

L. Agassiz, Harvard Coll., Mass. 

Klipstein, Dr. A. v.—Beitrage zur Geologischen und Topographisehen Kenntniss der 

ostlichen Alpen, Band II., Abth. I., (1871,) 4to., Giessen. 

Kowalevsky, De. A.—Beitrage zur Entwickelungsgeschichte der Holothurien, (1867,) 4to., 

St. Petersbourg. 

Kbefet, Geeaed.—Australian Vertebrata Fossil and Recent, (1871,) 8vo., Sydney. 
N. Trubner. 

Kustel, G.—Roasting of gold and silver ores and the extraction of their respective metals 

without quicksilver, (1870,) 12mo., San Francisco. 

Lewes, G. H.—Sea Side Studies at Ilfracombe, Tenby, the Scilly Isles, and Jersey, (I860,) 

8vo., London. 

Linckii, J. H.—De Stellis Marinis Liber Singularis, (1733,) folio, Lipsiae. 

Lobiol, P. de, et Cotteau, G.—Monographie, Paleontologique, et Geologique de l’etage 

Portlandien du Departement de TYonne, (1868,) 4to., Paris. 

Loeiol, P. de. et Pellat, E.—Monographie, Paleontologique, et Geologique de letage 

Portlandien des environs de Boulogne-sur-Mer., (1867,) 4to., 

Geneve. 

Maecou, Jules.—American Geology,—(1858,) 8vo., Zurich. 
L. Agassiz, Haevaed Coll., Mass. 

„ „ Letter to M. Joachim Barrande, on the Taconic Rocks of Vermont and 

Canada—(1862,) 8vo., Cambridge. 
L. Agassiz, Harvard Coll., Mass. 

„ „ Notes on the Cretaceous and Carboniferous Rocks of Texas—(1861), 8vo. 

Boston. 
L. Agassiz, Harvard Coll., Mass. 

„ „ Reply to the criticisms of James D. Dana, including Danas two articles 

with a letter of Agassiz—(1859,) 8vo., Zurich. 
L. Agassiz, Haevaed Coll., Mass. 

Markham, Clements R.—A Memoir on the Indian Surveys—(1871), 8vo., London. 
The Author. 

Middendorff, De. A. Th. von.—Reise in den aussersten Norden und Osten Sibiriens, 

Band II. Zoologie. Thiel I—(1851,) 4to., St. Petersburg. 

Mivart, St. George.—On the Genesis of Species—(1871,) 8vo., London. 

Mobius, De. K.—Neue Seesteme des Hamburger und Kieler Museums—(1859,) 4to, Hamburg. 

Moulins, Charles des.—Etudes sur les Echinides, Part 1. (Ktudes Uendralcs,)— (1835-37,) 

8vo., Bordeaux. 
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Titles of Books. Donors. 

Naumann, Dr. C. F.—Elemente der Mineralogie—(1871,) 8vo., Leipzig. 

Nicollet, S. N. Report intended to illustrate a map of the hydrographical basin of the 

Upper Mississippi River, January 11th, 1845—(1845,) 8vo., Wash¬ 

ington. 
L. Agassiz, Haevard Coll., Mass. 

Nova Scotia, Mines and Minerals—(1864,) fls. Halifax. 

L. Agassiz, Harvard Coll., Mass. 

Pacht, Raimund.—Dimerocrimtes oligoptilus. Ein Beitrag zur Kenntniss der Gattung 

Dimerocriuites — (1852,) 8vo., St. Petersbourg. 

Palmer, C., Murray, Capt. W. 0., and Ball, V.—Report on the hill of Mahendragiri and 

the native port oi Barwah, in the Ganjain District of the 

Madras Presidency, with photographs—(1870,) Us. Calcutta. 

C. Palmer, m. d. 

Perry, Rev. J. B—-.A discussion of sundry objections to Geology—(1870,) 8vo., Cambridge. 

L. Agassiz, Harvard Coll., Mass. 

„ ,3 Queries on the red sandstone of Vermont and its relations to other 

rocks—(1868,) 8vo., Boston. 
L. Agassiz, Harvard Coll., Mass. 

Peters, W. C. H., Carus, J. V., and Gerstaecker, C. E. A.—Handbnch der Zoologie, 

Band II., (1863)—8vo., Leipzig. 

Quekett, John.—Lectures on Histology, Vol. I, (1852)—II, (1854) (bound in one) 

—-(1852-54.) 8vo., London. 

Quenstedt, Prof.—Schwabens Medusenhaupt. Ein Monographie der Subangularen Penta- 

criuiten, with large folio plates—(1868,) 8vo., Tubingen. 

„ „ Ueber Pentacriniies colligatus•—(1856,) 8vo. 

Quetelet, A.—Observations des Phenomcnes Periodiques pour 1869. Mem. l’Acad. Roy. 

de Belgique., Vol. XXXIX., 4to., Bruxelles. 
The Author. 

Report of the Secretary of War, communicating information in relation to the Geology and 

Topography of California—(1850,) 8vo., Washington. 

L. Agassiz, Harvard Coll., Mass. 

Reports of explorations and surveys to ascertain the most practicable and economical route 

for a railroad from the Mississippi River to the Pacific Ocean, 

Vol. I, (1855)—XII, pts. I A II., (I860,)—(1855-60,) 4to., Wash¬ 

ington. 
L. Agassiz. Harvard Coll., Mass. 

Sandberger, Dr. F.—Die Land, und Siisswasser, Conchy lien der Vorwelt. Parts II, III, 

— (1870,) 4to., Wiesbaden. 

Schoch, Dr. G.—Ein Tropfen Wasser—(1870,) 4to., Zurich. 

Natural History Society of Zurich. 

Selenka, Emil.—Beitrage zur anatomie und systematik der Ilolothurien—(1867,) 8vo., 

Leipzig. 

Shalee, N. S.—Abstract of some remarks on the relations of the rocks in the vicinity of 

Boston.—(1869,) 8vo, Boston. 

„ „ On the nature of the movements involved in the changes of level of shore 

lines—(1868,) 8vo., Boston. 

j, „ On the parallel ridges of glacial drift in Eastern Massachusetts, (1870,) 

8vo., Boston. 

j, „ On the phosphate beds of South Carolina,—(1870,) 8vo., Boston. 

L. Agassiz, Harvard Coll., Mass. 
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Stimpson, William.—Synopsis of the marine invertebrata of Grand Manan, Smithsonian 

Contrib. to knowledge—(1853,) 4to., Washington. 

Swallow, G. C.— The first and second Annual Reports of the Geological Survey of Missouri, 

—(1855,) 8vo., Jefferson City. 

L. Agassiz, Harvard Coll., Mass. 

Thomsen, Julius.—Thermochemiske Undersogelser—(1870,) 4to., Copenhagen. 

Danish Academy. 

Tiedemann, Dr. F.—Anatomie der Rohren-Holothurie des Pomeranz f'arbigen Seesterns 

und Stein-Seeigels — (1816,) fob, Landshut. 

Tyndall, John.—Hours of exercise in the Alps—(1871,) 8vo., London. 

„ „ Fragments of science for unscientific people—(1871,) 8vo., London. 

Wiiymper, Edward.—Scrambles amongst the Alps in the years 1860—1869—(1871,) 8vo., 

London. 

Zittel, Carl. A.—Denkschrift auf Christ. Erich Hermann von Meyer, (1870,) 4to., Miinchen. 

The Academy. 

PERIODICALS. 

American Journal of Conchology, Vol. VI., pts. 3-4—(1870-71,) 8vo., Philadelphia. 

American Journal of Science and Arts, 3rd Series, Vol. I., Nos. 5-7,—(1871,) 8vo , New Haven. 

Annales des Mines, 6th Ser., Vol. XVII., Liv. 1-3—(1870,) 8vo., Paris. 

L’Administb. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. VII., Nos. 42-44—(1871,) 8vo., 

London. 

Blochmann, H.—Bibliotheca Indiea, New Series, No. 236. The Ain-i-Akbari, Fasc. XIII. 

— (1871,) 4to. Calcutta. 

Government op India. 

Canadian Journal of Science, Literature, and History, New Series, Vol. XIII., No. 1, Maj-, 

(1871,) 8vo., Toronto. 

Costa, 0. G.—Fauna del Regno di Napoli, Fasc. 1—116—(1832-1870,) 4to., Napoli. 

„ „ Paleontologia del Regno di Napoli, Parts II., III., with Appendices— (1854-1863), 

4to., Napoli. 

First Biennial Report of the Progress of the Geological Survey of Michigan—(1861,) 8vo., 

Lansing. 
Harvard Coll., Mass. 

Geological Magazine, Vol. VIII, Nos. 6-8—(1871,) 8vo., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, No. 12, and 

Vol. Ill, No. 1—(1871,) 4to., Calcutta. 
Government op India. 

Journal de Conchyliologie, 3rd Ser., Vol. X., No. 4—(1870,) 8vo., Paris. 
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Part 1.] 1872. [February. 

Annual Repoet of the Geological Survey of India, and of the Geological 

Museum, Calcutta, foe the year 1871. 

The close of the year calls for the usual annual summary of proceedings of the Geo¬ 

logical Survey. 

As regards the staff available during the twelve-months from the 1st of January to the 

31st December 1871, we have been rather more fortunate during the past year than on other 

occasions. During a portion of that time, all the members of the Survey establishment 

were at work at the same time—a rare occurrence. Shortly after the year opened, Mr. Jos. 

W. Alexander was appointed an assistant in the room of Mr. Ormsby, whose death it was 

my duty to report in 1870. Mr. Alexander was engaged in office work for some months, and 

gave high promise of efficiency. After a few months, he was, however, nominated by the 

Hon’ble the Lieutenant-Governor of Bengal to the charge of the Maharajah of Durbungah 

and of his brother (minors). His place was fortunately supplied without much delay by 

the appointment of Mr. James Willson, A. B., whose university course had been marked 

by the highest honours, and who had for some time been engaged successfully as Professor 

of Mathematics in this country. He had given special attention to the study of Physics, 

Geology and Mineralogy, and had obtained honors in these subjects at his final examination 

in Trinity College, Dublin. He has been actively engaged since his nomination in October. 

These repeated changes, as frequently noticed, give rise to delay, complications and 

difficulties, which very seriously impede the progress of the survey. It has been recom¬ 

mended as the best means of preventing, so far as practicable, this injurious result, that 

two or three supernumerary assistants should be appointed who would become absorbed into 

the general staff as vacancies occurred, and who would meanwhile have acquired a 

sufficient intimacy with local geology, and with the modes of enquiry to enable them to be 

at once effective and useful. The working staff would thus be maintained at its proper 

strength aud an equable progress would be secured. At present, every new assist¬ 

ant is comparatively useless for oue whole working season, until he has become acquainted 

with what has been done, and can thus take his place with the others in extending this 
knowledge. 

Mr. Medli-cott, who, as stated in last report, had commenced the detailed examination 

of the country near Mohpani coal-field, and the Puchmurri hills, on the south of the 

Nerbudda valley, using for the purpose of recording his observations the maps of the Topo¬ 

graphical Survey, just issued, was enabled to get over a considerable area. As noted on a 
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former occasion, when this important district was first visited by the Geological Survey in 

1856-57, no maps of it existed, and to give even an approximate idea of the structure, it was 

necessary to construct a sketch map as our work progressed. This, of course, had no preten¬ 

sions to great accuracy, and it was therefore important to take advantage of the publication 

of the regular survey maps at the earliest date. Towards the close of the season, 

Mr. Medlicott, I regret to say, suffered from a very severe attack of fever which incapacitated 

him for work. Hoping that a little rest and change of air would restore him to health, 

he obtained three months' privilege leave and proceeded to England, but the attack proved 

so severe and continued that he was obliged to obtain an extension of leave on medical certi¬ 

ficate. Finding himself quite well again, he has returned before his leave expired, and 

has taken up the continuation of his old work on which he is now engaged. It is hoped 

that he may have no return of the attack. He resumed work at the commencement of 

December. 

Mr. W. T. Blanford, who had at the opening of the season proceeded to the 

Godavery river to report upon the various places where coal had been said to occur in the 

vicinity of the great works for the improvement of the Godavery at Dumagudium, very 

successfully completed the careful mapping of the coal-hearing rocks within the British 

territory, and carried the lines of boundary into the country of His Highness the Nizam on the 

opposite side of the river. Two sets of boring-rods had been sent out from England for this 

district, and these were placed under the immediate charge of Mr. J. Vanstavern, C. E., 

Executive Engineer at the Godavery works. Previously to the arrival of these tools, 

Mr. Vanstavern had been carrying out a series of short borings with some small tools at 

his disposal, but immediately on receipt of the others, he commenced a systematic examina¬ 

tion of the entire area of coal rocks on the British side of the river, acting strictly in com¬ 

pliance with Mr. Blanford’s suggestions. Mr. Heppel was also moved down from Chanda 

district, and for a short time superintended the actual borings. After his departure, and up 

to the present time, Mr. Vanstavern has with much skill, intelligence and system carried 

out the series of borings agreed upon, and there only remain now one or two still required 

to give a very complete insight into the structure of the area in question. It is unnecessary 

here to enter into details, as Mr. Blanford’s results have been already published. Unfor¬ 

tunately there is little prospect here of any hut a very limited supply of poor coal. The 

area of the rocks which occurs in British territory in this vicinity is very small, and the beds 

of coal which occur are most extremely irregular and thin. Mr. Blanford’s estimate of 12,000 

tons may he added to in consequence of more recent borings, hut at best the supply is 

limited. And the larger portion of the coal must ho sought for on the opposite hank of the 

river in the territories of llis Highness the Nizam. 

One of the first matters to which Mr. Blanford directed his attention on arrival at 

Dumagudium was to take advantage of the accurate local knowledge of the countries they 

inhabit, which is always possessed by the wilder tribes inhabiting tlio jungles and more in¬ 

accessible portions of the districts, by a well directed distribution of small fragments of 

coal over all the country, thus showing to the people actually what it was, for the discovery 

of which a liberal reward had been ofiered by the Government of the country. The success 

of this plan was not long after attested by the report to the local authority of the existence 

of thick beds of coal in the valley of a nullah not very far from Pakhall, in the vicinity 

of Warungul, There would seem to be here a thick bed of coal well exposed, said to he 

dipping at the high angle of 45°. The country around is all jungle, at present frequented by 

wild elephants, hut it could be easily opened out. I have no doubt that other similar reports 

of coal will he brought in from time to time. 
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Mr. Blanford later in the season carried out a general mapping of the extent of the 

sandstone area in this part of the Nizam’s dominions, and southward into Madras Presidency, 

where it stretches down to within about eight miles of Ellore. All these rocks as seen at surface 

appear to belong to the group which occurs over the true coal-bearing rocks. The country is 

very widely covered by jungle and poor forest, and is in many places quite inaccessible for close 

or detailed examination. But, so far as practicable, a knowledge of its structure will be 

obtained during the present year by Mr. King, who has been placed there for this purpose. 

Mr. Blanford completed a long season in this very unhealthy country; but not, I 

regret to say, without suffering. He was very unwell afterwards in Calcutta, but was able 

to take the field in Sind at the beginning of the present season. On his way thither, he 

devoted some time to the examination of the neighbourhood of Bombay, where the Municipal 

Commissioner had sought the advice of a Geologist with reference to a proposed plan of 

conveying water to the city through tunnels in the solid rock, which it was supposed would 

prove much cheaper than the laying down of iron pipes. 

Since Mr. Blanford’s arrival in Sind, be has been deputed to accompany the Boundary 

Commission under Sir F. Goldsmid in its visit to Seistan, &c., a trip from which 

I confidently anticipate that much valuable information regarding a country almost 

entirely unknown will be derived. It is a duty also for which Mr. Blanford’s wide acquaint¬ 

ance with Natural History in general as well as Geology peculiarly qualifies him. He has 

made most excellent use of the brief delay which occurred before starting, and has been able 

to visit many places of interest in the Persian Gulf and also on the Arabian Coast. 

Mr. W. King, Deputy Superintendent for Madras, on his return from furlough, com¬ 

menced his field examination from the Toongabudra river, and examined the country lying 

on either side of the Madras aud Bombay railway up to the boundary of the great area of trap 

rocks which cover such an immense space in the Deccan. The main object, as stated before, was 

to carry out here an investigation of the several rocks which occur between this vast thick¬ 

ness of overlying trappean rocks above and the even more widely spread base of the under¬ 

lying gneiss and other metamorphic rocks below. Joining on, therefore, to the south-west with 

the lines already fixed by Mr. Foote as noticed in last report, Mr. King advanced to the north¬ 

east, and was able to get over about 1,400 square miles of area up to Gorffburga. Towards 

the latter part of the season Mr. King was attacked with fever, and other symptoms, and was 

driven into Bombay for medical advice. On getting better, he quickly returned to his work ; 

but the season was then so far advanced that much further progress was impracticable. 

The rocks met with were (1st) the crystalline metamorphics, consisting chiefly of 

granitoid gneiss, qnartzo-felspathic in composition, with little foliation, where seen with a 

northerly strike and at low angles. This gneiss is much traversed by small granite veins 

(binary,) lying to a large extent in the lines of dip. Occasional bands of hornblendic gneiss 

also occur. The hilly and ragged parts are also frequently studded over with large bosses and 

tors. The surface is generally fiat and covered lip by black cotton soil and alluvial deposits. 

Overlying the gneiss in the valley of the Bheetna is a series of limestones, sub-metamorphic 

in texture and hearing a strong general resemblance to the Karnul rocks. This may bo pro¬ 

visionally called the Bheema group. It consists in descending order of—Red purple and 

chocolate coloured calcareous shales, flags and thin-bedded earthy-grey limestones; thicker 

bedded earthy And sub-crystalline limestones. There is locally a great lenticular patch ol quart- 

zitic, sandy and conglomeratic beds. There arc also, of course, many local variations in the 

groups from the general character given above. The most remarkable of these is a series ol 

breceiated beds, in which the materials composing the layers have been separated into numerous 
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sharply angular pieces, and recemented by a material of precisely the same general charac¬ 

ter as the mass. These are exactly like similar beds described in the Karnul and Kadapah 

formations. Generally, the lie of these Bheema beds is quite flat, or with a gentle dip to the 

north-west. The different groups noticed above do not appear to be unconformable, but the 

newer overlap the older to a considerable extent. This is the case also with the trappean 

beds which come over and rest upon the Bheema rocks. Where in contact, only slight 

alteration has been produced in the underlying beds by the overflow of the traps; purple 

shales become of a blight red colour, and weather with a soft velvety powdery surface, &c. 

Of the traps themselves, there is only a very limited thickness near the boundary. The 

series is made up of several thin flows of various kinds, and of different degrees of compact¬ 

ness and hardness. The uppermost flow is generally decomposed into a form of lateritic rock. 

Mr. King has at the commencement of the present working season carried on these 

boundaries a little further to the north-east, but was obliged to hurry on to take up the 

examination of the Godavery area to which Mr. Blanford was unable to return. In addition 

to this field work he has also supplied the Director of Revenue Settlements, Madras, with 

notes on the geology of the Cuddapah and Nellore districts. 

Mr. Bruce Foote continued the examination of the similar rocks to the south-west 

joining on to the limits of last year’s exploration. It was hoped that he would have been 

able to complete the country up to the western ghats, but the boundaries proved so much 

more intricate and complicated than was anticipated, that this was impracticable. Mr. 

Foote’s close examination of the country was rewarded towards the end of the season by 

the very interesting and important discovery of the fossilized remains of a jRhinoceros in 

the regur or hlaek cotton soil. These have since been worked out with great care by Mr. 

Foote, and will be hereafter described. 

Mr. W. L. Willson has continued the examination of the southern portion of the 

Jhansi district, and of Lullutpur to the south, and the native states of Tehree, &o.,to the east. 

Over all this country the same remarkable series of trappean dykes and quartz reefs, already 

noticed as occurring in the adjoining districts, can be seen, running up to the Par sandstone 

scarp south of Gwalior to the north-west, and to the very bases of the Vindhyan and Bijawur 

rocks in the south-east. In no case, however, do these dykes penetrate either of these forma¬ 

tions. They occur, apparently more numerously than elsewhere, from a few miles north-east 

of Jhansi to the Yindhyan scarp on the south-east; their range being chiefly from north-200 

west to north-west. There is a tendency to a more easterly strike, as you pass to the north¬ 

east towards the Dessaun river and Nowgong, while along the Dessaun a very few occur, 

which head north, or a little west of north. The dykes frequently divide and form loops. 

Many of them are of considerable size, and a few can be traced for many miles in nearly right 

lines. They are, whatever their actual age may be geologically, undoubtedly subsequent to 

the ' quartz reefs,’ through which they arc seen to pass, and portions of which they show im¬ 

bedded in the mass of trappean matter along the edges of the dyke. 

Some curious outliers of the in fra-trappean limestone were noticed in the southern part 

of Lullutpur well out on the general flat composed of the crystalline rocks and covered by the 

ordinary Malwa and Deccan trap rocks; these are of the usual earthy and cherty light coloured 

calcareous rocks, in places worked for lime to whitewash the houses with. North of 

Jacklone the base of the series, as elsewhere in Saugor, is formed of pebbles of sandstone in 

which numerous fragments of chert and limestone occur. When the soft matrix is washed 

out the beds appear to consist only of these pebbles, occasionally some feet in thickness. 

Black soil occurs in all these localities over the kunkury clay, which forms beds of considera¬ 

ble thickness, 30 to 50 feet. Mr. Willson also notices a remarkable local development of 
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black soil. “In very many places, when a large dylco is traceable through a valley, with ridges 

of gneissose rocks on either side, it frequently forms a marked lane of black clay up to the 

base rocks hounding it. And the dyke may often he traced across alluvial ground by this lane¬ 

shaped band of black clay, although no rock is visible.” Another fact in the physical con¬ 

figuration of the country arises from the resistance to decomposition of these trap dykes, which, 

therefore, very frequently occur along the top of the minor watersheds, where also most of 

the villages are placed. 

During the present season, Mr. Willson continues this examination to the east, complet¬ 

ing the northern portion of Dumoh district, for which no maps were available in former years. 

Mr. Fred. Mallet had been deputed towards the close of last year, when returning 

from Europe, to visit and examine the vicinity of Aden, with especial reference to the possi¬ 

bility of obtaining a good supply of pure water for the inhabitants of that important station. 

The results of this examination wore published immediately on his return. He showed that 

there was an abundance of water nearer to the foot of the hills a short distance from Aden, 

but that this became absorbed in the sands that intervened between these streams and the 

sea ; in other words, that there was an abundance of good water, but that artificial means 

of conducting it into Aden would be requisite. There seemed nowhere such a structure 

as would justify the expectation of procuring water by wells sunk on the artesian 

principle. 

Immediately on his return to India from this duty, Mr. Mallet was despatched to complete 

the geological examination of the southern part of the Mirzapur district which had been left 

unfinished. This would carry our knowledge of the geological structure of that country 

southwards to the long known coal-pits of Kota, which were to be examined in greater detail 

so soon as the maps of the adjoining country were available. This duty Mr. Mallet effectively 

performed. During the recess he has been engaged in working up his maps, &c., and in a 

careful examination of some interesting minerals he met with in that district in connection 

with extensive masses of Corundum, and of which a brief account is given in the present 

number of the “ Records of the Survey.” 

To Mr. Mallet I also entrusted the entire remodelling of our collection of minerals. 

When first the Museum was opened, the best series which our collection then afforded was 

brought together, and was arranged by Mr. H. F. Blanford for exhibition. This was unfor¬ 

tunately a very incomplete and poor series, but such as it was it proved useful. During subse¬ 

quent years, this collection has been steadily kept in view, as opportunity offered of acquiring 

additional specimens. And as a large number of additions bad been brought together by 

donation, by occasional purchase, and by exchange, it was determined to have the whole series 

remodelled. The collections had been arranged in accordance with the fourth edition of 

Dana’s system of Mineralogy (1854), but was now brought into agreement with the last or 

fifth edition, 1869. Up to last year the arranged collection represented 224 species by 1,460 

specimens. It now represents 358 species by 2,239 specimens. The number of specimens 

used to illustrate each species remains therefore about the same (6to7),but the actual number 

has been increased by 779. But as, in addition to this increase in number, many inferior speci¬ 

mens have been eliminated and better ones introduced in their stead, and a few which had been 

misnamed removed, the actual number of new specimens added has considerably exceeded this 

addition to tbe'total number. These new specimens have been selected from the various 

collections stored from time to time in the Museum ; from others purchased from Professors 

Klipstein, Krantz, &o., and from others presented by various persons or obtained in exchange, 

as well as from those collected in various parts of the country by the officers of the Survey. 
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Mr. Mallet himself had also brought back with him from Europe some very interesting and 

valuable additions, all of which have been embodied in the general series. 

It is at all times a difficult, and costly task to form a really valuable series of minerals. 

Many varieties can be obtained only at rare intervals and under favorable circumstances, and 

excepting by the purchase of some good collection, the growth of many years of constant 

attention, it would be impracticable now to produce any extensive and really fine col¬ 

lection of minerals within a limited time. The object, therefore, has been to render 

our series as practically useful as was possible, leaving the obtaining of handsome 

or showy specimens of various species to such future opportunities as may occur. The 

general value of the series may be gathered from a summary of the number of representatives 

of each group into which it is divided. We have of— 

Native Elements 

Species. 

14 

Specimens. 

106 

Sulphides, Arsenides, &c. ... 48 298 

Chlorides 6 16 

Fluorides 6 56 

Oxides 39 523 

Anhydrous Silicates 75 445 

Hydrous Silicates 65 315 

Tantalates* Columbates ... 6 11 

Phosphates, Arscniates, &c. 33 103 

Borates 5 10 

Tungstates, Molybdates, &c. 7 23 

Sulphates, Chromates, &c. 22 93 

Carbonates 20 198 

Oxalates 2 2 

Hydrocarbon Compounds 11 40 

358 2,239 

The most important additions have been native Gold, native Platinum, and Platinum 

metals; native Sulphur from Ladak; very fine crystals of Galena; Cinnabar, Nickel 

and Cobalt ores; Bournonite; Tetrahedrite; soluble Chlorides from Stassfurt, Fluorides from 

Greenland; Cuprite from Cornwall; Hsematite; Spinel; Magnetite; Rutile; Pyrolusite ; 

Diaspora; Manganite; Limonite; Brueito; Psilotnolune; Wad; some remarkably fine 

specimens of quartz and opal ; Wollaston!te from Auerbach; varieties of Augite and Horn¬ 

blende; Tuehyllite; Beryls from Donegal; Emerald from Siberia; Olivine; many very fine 

additions to the Mica and Felspar series; Tourmaline; Kyanite; Sphene; Dioptase; a few 

additions to the Zeolite series ; Serpentines from the Lizard; Margarite from North America ; 

Pvromorphitc; Lazulite; Borates, especially Boracite in beautiful crystals; Tungstates; 

Molybdates; some fine crystals of Crocoisite; soluble sulphates from Stassfurt ;• Siderite; 

Cerusite; Niellite and other organic compounds, in addition to many rare minerals, which 

were unrepresented in the collection previously. 

Mr. Mallet has carried out this re-arrangement with great zeal and success. He had 

slight aid for a time from Mr. Alexander, but on his departure was alone in the work. And 

the ability with which it has been done under excessive difficulty as to space, and other 

important inconveniences, and in rooms specially badly lighted, have borne ample testimony 

to the many advantages of study in Europe, which Mr. Mallet had been liberally allowed 

to reap during three months’ timo in addition to his furlough. The cost of this indulgence 

has been much more than repaid to the survey, not only by the additional knowledge so 

earnestly acquired by Mr. Mallet, but also by the valuable series he brought back with him. 
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In addition to this labour, Mr. Mallet undertook the duties of Curator, during the 

temporary absence of Mr. Tween, for three months’ privilege leave. 

Mr. Mallet has this season again taken up the examination of the Kota coal-field, ex¬ 

tending as it does both into Rewa and Chota Nagpore. 

At the commencement of the year (1871), as stated in the Report of 1870, Mr. Hughes 

was actively engaged in the investigation of the Wurdha river coal-fields. During the 

early portion of the season, his time was much occupied in meeting the district officers 

during their visits to the field, and in pointing out to them how much had been ascertained 

regarding the coal. These interruptions to his regular work most seriously interfered with 

his progress, and by necessitating frequent long and forced marches to and fro, without any 

sufficient convenience for such rapid moving, the cost of which is such as the limited allow¬ 

ances of the Geological Survey do not meet, they also resulted in his beiug laid up by an 

injury to one of his feet, which for some time entirely prevented his moving about at all. 

He remained, however, on the ground, and continued to give advice as to the borings. As 

soon as able, he resumed his work, but at the close of the season he was obliged to proceed 

home on medical certificate. 

Late in the season (May) he crossed into His Highness the Nizam’s territories, and 

pointed out to Mr. Whyte, who had been sent by the Nizam’s Government to put down trial 

borings in the country opposite Ballarpur, the structure of the rocks, and suitable places 

to work, for which aid Mr. Whyte expressed his obligation, and I am informed that the 

result has been the proving the existence there of more than fifty feet in thickness of coal. 

During the season, the various borings carried out on both sides of the river have en¬ 

tirely confirmed the conclusion already arrived at with respect to this field, and have 

established conclusively upon what a very irregular surface the irpper rocks have been depo¬ 

sited. The eastern boundary of these rocks was examined for a considerable distance, and 

they were found to be faulted against the gneiss, as far south as Sitarampett, or nearly to 

Moharli; here, however, the fault at the surface passes through the Kamthi rocks them¬ 

selves, bringing into contact different beds of the same series. South of Moharli again the 

gneiss and sandstone are in contact along the boundary fault. The occurrence also of a 

small inlier of the Talchlr rocks between Walwut and Sinaia adds a convincing fact to the 

other evidence as to the irregular thickness of the upper (Kamthi) series, and shows the 

necessity for actual trials before attempting to assert definitely the depth at which, or the 

points where, coal may he found. The general structure of the whole field, namely, a wide 

anticlinal, largely denuded at the top of the curve as pointed out (by Mr. W. Blanford,) on 

the first examination of the area, coupled with the many instances in which the Vindhyan 

rocks below the coal occur in isolated and detached patches either at the surface, or at small 

depths below it, places it beyond a question, that this central portion of the field is one in 

which the flooring of the older rocks comes very near to the surface, and so irregularly that 

the coal, where found, will only he in small and discontinuous basins. For any large and con¬ 

tinuous areas, we must go beyond this portion. To the west, the existence of the coal has 

been fully proved over a long line of country in East Berar. To the east there is no reason 

to assume its absence, hut its occurrence has not been proved as yet. 

Wurrora, where a coal-pit has been commenced, is unfortunately not, as stated, on the 

east scarp of l b.'-* anticlinal, but a considerable distance from it, although the coal extends over 

a sufficient area to yield a g*ood supply for some time. 

From a knowledge of these facts, and a general consideration of the lie of the ground, I was 

compelled during the year, on the question being referred to me, as to ‘ what action should he 
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taken in the matter’ regarding the proposed line of railway to connect these coal-fields with 

the Bombay and Nagpore railway, to point out the facts, and to urge strongly, that if the 

object in view were to obtain the coal cheaply, there could be little question, that a line direct 

to the Woon district of East Berar would be both shorter and cheaper, and would at the 

same time be more effective in tapping the largest and best cotton-growing districts of the 

country. This line would have to cross only one large stream, the Wurdah, while the other 

hue, as proposed to Wurrora, would have to cross four or five, of which even one, taken alone, 

would be heavier than the Wurdah, as shown by the estimates. I have been infonned, though 

not officially, that after a consultation between the Chief Commissioner of the Central 

Provinces and the Commissioner of East Berar, this alteration in the line proposed has been 

recommended. If carried out, it will undoubtedly give an easy access to a very large supply 

of coal of such quality as occurs in this field. All that has been found is of poor qnalitj-, 

breaks down very rapidly on exposure and diying, and is therefore wasteful; nor will it bear 

very heavy draft in the fires, but with properly adjusted fire-bars and frequent care it can be 

used with success. The coal from near Sastu, in the Nizam's dominions, is the most durable 

yet raised in these fields. 

In connection with this field, it is much to be regretted that some trial borings were not 

during thejseason devoted to proving the eastern slope of the anticlinal referred to above. 

A few well selected borings would have settled the point as to the existence of coal. As I 

have already said there is no reason to assume its absence, but it has not as yet been proved to 

be present anywhere along this line. A trial boring was put. down to the east of the town 

of Chanda at an early date, but this having reached a depth at which the progress weekly 

with hand-boring was only a few inches, was stopped on the arrival of a steam-boring 

machine. This was at onee put to work a little further to the dip, but the ground proved 

so soft that tubing was required, which was uot available at thd moment. The steam-borer 

was then moved to Wurrora, and has been kept there since. Aud no further attempt has 

been made to prove the coal. There is most probably a large area over which it will be 

found, and possibly at very workable depths. Any part of this eastern scarp of the anticlinal 

will, however, be much more distant from the existing lines of railway than other sources of 

coal, and will, therefore, be more looked to in the future than at present. There is also a 

very large area of His Highness the Nizam’s dominions, under which workable coal will be 

found, and which will at some future time prove very valuable. The occurrence of nearly 

50 feet of coal, as proved at Sastu by Mr. Whyte working on behalf of the Nizam’s Govern¬ 

ment, is only an instance. When examining the neighbourhood of Ballarpur, in the com¬ 

mencement of 1870, on the opposite bank, it was stated that the larger part of the coal 

would be found in the right bank of the Wurdah in the Nizam's dominions. And these 

sinkings have quite confirmed the statemeut. 

Mr. Hughes is still absent on leave. 

Mr. Fedden was engaged in continuing his examination of the trappean rocks over- 

lying the coal-bearing series to the west, and in clearing up one or two doubtful points as to 

their boundary, &c. In the jungly country oi Edulabad and to the east ol that town between 

it and the Wurdah, he sullbred from repeated attacks of fever, which at last drove him from 

the place; and under medical advice, he proceeded somewhat earlier than customary to the 

hills. He has resumed his work in better strength this season, and as from the small amount 

of rainfall in these districts the state of the country is more favourable for work than usual, it 

is hoped ho will be able to effect good progress. 

Mr. Haokat during this season completed the district of Jubbulpur, of which he had 

in the previous year commenced the examination. The southern, south-eastern and south- 
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western portions having been completed last season, the remainder has come under observa¬ 

tion now. It was hoped also that the small district of Bijooragooghur, now attached to 

and forming a portion of Jubbulpur, would have been completed also, but Mr. Hacket was 

laid up towards the dose of the season by several slight attacks of fever and its conse¬ 

quences, which prevented this. 

The (Bijawur) series extends in a north-east and south-west direction across the 

central portion of the district. At the north-eastern end, on the water shed between the 

Nerbudda and the Makanuddy rivers, they occupy nearly the entire surface, which intervenes 

between the Jubbulpur beds and the trap area to the south, and the Vindhyan rocks to the 

north. Here they form a considerable range of hills, the Bhitree hills, but towards the 

south-west in the Nerbudda valley, the section is less perfectly seen, and the rocks of the 

series are only seen in a few large hills isolated by the alluvium. West of Jubbulpur, 

with the exception of a fringe of rocks cropping out from under the trap on the south side 

of the valley, and of a few small hills on the northern side, the series is covered by the 

Nerbudda alluvium. The Bijawur series includes a great variety of rocks, of which the 

principal are slate, micaceous quartzites, limestone, ribboned jasper rocks, highly ferruginous 

and banded silicious rocks, micaceous schists, and igneous trappean rocks, both contempora¬ 

neous and intrusive. Cleavage abounds especially in the lower rocks, and often obliterates 

the dip; the cleavage heading east 15° to 20° north and underlying to the south at 60°. 

The whole series, notwithstanding very numerous local contortions, may be described as 

forming a shallow synclinal, the lowest group cropping out on the northern and southern 

sides and the higher group being best seen in the centre of the area. Four groups may be 

defined, though they pass gradually into each other. These in descending order are (1) the 

Chunderdeep group, called after the station of that name, and consisting of mica schists 

and limestones; (2) the Lora group, called after the Lora hills near Sehora, consisting of 

ribboned schists, in places highly ferruginous; (3) the Bhitree group, called after the 

Bhitree hills at the cast end of the district, consists in places of ribboned jasper, in places 

of quartzites with but little of this structure, and sometimes of schists, somewhat conglo¬ 

meratic ; and (4) the Mujhowlee group, well seen near the town of that name, consisting 

of slates, quartzites, and limestone. Although these are the lowest rocks seen, they do not, 

constitute the base of the series. 

It would be of little use to enter into detailed description of these rocks without a 

geological map, and we shall therefore confine our observation to a very few points only. 

There are not many trap dykes seen, although it is possible that many exist which are 

concealed. Where the rocks are clearly exposed, as at the Marble rocks, several occur, 

offering peculiar varieties. Of the economic products of the district the iron ores are the 

most valuable. They occur entirely in the Lora group (with the exception of a very small 

quantity obtained from the laterite of Bijooragooghur). The most important mines are at 

Joulee; others are at Gogra, &c.: from Joulee alone fifty loaded buffaloes, each carrying 

about 3 maunds of the ore, are said to be despatched daily. The ore is a rich micaceous iron 

with haematite. It yielded, on assay, 68'5 per cent, of iron. Mr. Olpherts, the resident 

engineer at Kutnee on the Jubbulpur line of railway, has leased these Joulee mines from 

Government, and has succeeded in bringing the haematite which occurs there into use as a 

paint-stufi. For this, on outdoor work and especially on. iron, it is admirably adapted. 

He has erected on the Kutnee river, near Moorwarra, three or four little native constructed 

water-wheels, which turn grindstones about three feet in diameter, made of the Rdwah 

sandstone. These grind the ore to an impalpable powder, after which it is dried and packed 

in cases. It sells retail for about £13 per ton. The excavations at Pullee are nearly 10(j 
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yards long by about 30 yards wide and 50 feet deep. There are also some old workings 

some quarter of a mile distant, where large excavations have formerly been made. The 

mines at Mungela, and at Agorea in the Mnjgoan hills, and also in the hills west of the 

Marble rocks, are all situated on the same geological horizon, and the denosit of iron ore 

would appear to be very constant, and to offer a practically unlimited supply of the very best 

quality of ore. Small traces of copper and lead have also been found, but nowhere in 

quantity which appeared to offer any prospect of working them to profit. 

Mr. Ball, who, as stated in last year’s report, bad proceeded to the south of Chota 

Nagpore and Sirgujak, completed last season a most admirable and largely extended re- 

connoissance of a very extensive area. As stated then, there were gaps, for which no maps 

or surveys existed, so that detailed work was impracticable. Bat Mr. Ball has in a very 

satisfactory way obtained an approximate knowledge of the limitation of the various series 

of rocks, which will prove of the greatest service, when detailed examination can be taken 

up. And all this in a country where soarcely a road exists, and where it was essential to 

travel with the least possible amount of comfort. I am happy to be able to report that 

Mr. Ball has not suffered in health from his sojourn in these jungles, generally reputed 

very unhealthy. This season, Mr. Ball (taking with him Mr. James Willson, who, 

having only recently joined the survey, required initiation into the peculiarities of the 

various groups of rocks), has taken up the more detailed examination of the north-western 

extremity of the Chota Nagpore country, of which the survey maps have been published. 

Mr. Ball was absent for three months on privilege leave during the recess, a holiday which 

he had well earned. 

In Burmah, Mr. Theobald was more especially engaged in the examination or rather 

re-examination of the Arakan range of the Yoma. The peculiar relations of the altered 

rocks seen towards the centre of that range with the unaltered nummulitic rocks which 

occur in the flanks, to which Mr. Theobald has directed attention in papers published in the 

Records of the Survey, were still on many points open to doubt and question, and to de¬ 

termine these questions, Mr. Theobald crossed the range in several places right from the low 

ground of the Irrawadi to the sea coast. By these traverses ho has satisfied himself that, 

notwithstanding the remarkable alterations to which the rocks occurring along the axis 

of the range have been subjected, they belong to ono and the same series as the undoubtedly 

nummulitic rocks seen on their flanks. Mr. Theobald also paid special attention to the 

brine springs of British Burmah, of which he has submitted a list, which will soon be given 

in the Records of the Survey, The great deficiency in detail and accuracy of the maps 

of British Burmah which we have to use, and the densely jungly nature of these less fre¬ 

quented portions of the country, must for generations render the close geological examination 

of the area quite impracticable, and all that can be looked for is such a general sketch of the 

geological structure as will give a tolerably accurate idea of the relations of the several 

rocks. 

Mr. Wynne, who during the preceding year had completed the examination of the 

eastern portion of the salt range in the Punjab, worked out the western part of the same 

area in considerable detail, and is now engaged in the country lying to the north of this 

range, and extending up to Attock, IIossein Abdal, &e. The strangely disturbed condition 

in which the rocks of the salt range are found, due not only to distinot faulting and disturb¬ 

ance on a large scale, but also to almost countless slips of enormous size along the bold 

scarp to the south,—resulting in a complicated arrangement of the several rocks, so 

intricate that it would be impracticable to make it intelligible without careful plans and 

sections—rendered it perfectly essential that the greatest care should be devoted to the proper 
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investigation of the contained organic remains on the spot by a competent Palaeontologist, 

and I have, therefore, taken advantage of Dr. W. Waagen’s having joined the survey, 

and have entrusted to him a full examination of the relations and mode of occurrence of the 

fossils of this salt range, and I have no doubt that the results will prove highly valuable. 

Dr. Waagen, as will be seen from the coming number of the Records of the Survey, has 

already been able to throw much light in this way on the puzzling sections seen near 

Rawul Pindee. 

Mr. Wynne’s health was not at all as good as could be wished, but his zeal and earnest 

attention enabled him notwithstanding to work out the area visited with an amount of 

care and detail which is highly creditable. 

I have also taken advantage of the well advanced state of the descriptions and plates of 

fossils to enable Dr. Stoliczka, the Palaeontologist of the Survey, to visit and go over 

the curiously interesting sections of the district of Cutch. He proceeded thither in Novem¬ 

ber, and is much indebted to His Highness the Rao and all the local officers for the most 

friendly aid which will enable him to see more in the short time he can devote to the work 

than he otherwise would have done. Valuable results have been already attained, but these 

will be better discussed after the examination has been completed. The entire series of 

fossils will prove most interesting and valuable ; and Dr. Stoliczka’s untiring zeal and energy 

will enable him to unravel, by actual examination on the spot, some of the doubtful ques¬ 

tions as to the distribution of these fossils in the several beds and other points of high 

geological interest. 

Mr. M. Fryar has been, during the whole year, detached on work not connected with 

the Geological Survey. 

Publications.—The punctual issue of the Records of the Geological Survey has 

been steadily maintained during the year. And I believe I am justified in stating that this 

series giving early knowledge of important facts is steadily becoming more appreciated. The 

numbers for the past year contain the Annual Report of the Geological Survey and Museum, 

and the usual quarterly lists of the additions to the Library. In addition to these, aro 

details of the explorations for coal in the Godavari valley, and descriptions of the accom¬ 

panying rocks by Mr. W. T. Blanford : a general sketch of the geology of the Central 

Provinces; on the structure of the Konkan: Geology of Burmah ; the Raigurh and 

Hengir coal-field; reported discoveries of coal in the Madras Presidency, and other papers, 

all largely increasing the knowledge of the Geology of India, and thus gradually building up 

the materials which will shortly enable a general geological map of the country to be 

prepared. 

Of the Pal.®ontologia Indica, we have issued not only the four fasciculi due for the 

twelve months past, up to October 1871, but have also issued in anticipation the entire 

volume due for this year 1872, up to October. The great risks and uncertainties attending 

the execution of careful chalk drawings on stone in this climate have compelled me to 

anticipate our work in this respect as much as possible. From several years of trial, I 

found that it was only possible to be certain of our publication of these fossil plates being 

punctually maintained with our very limited staff, when we were able to keep in advance 

of the issue by.nearly twelve months’ work. We have therefore been gradually and by 

great exertions gaining on the issue or publication, until this year I was enabled to publish 

five fasciculi in one part of the description of the cretaceous bivalve fossils of Southern India. 

This completes the monograph of this class, and forms the third large volume of plates and 
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descriptions of that splendid series of fossils, the finest probably ever obtained from one 

limited district. The Pelecypoda have been treated with the same fulness of detail as the 

other groups, and the volume will be found to constitute a . general treatise on the classifica¬ 

tion and relations of the fossil and recent bivalves generally, as well as a detailed descrip¬ 

tion oi the specific forms noticed in Southern India. This volume hears stronger testimony 

than any words of mine could to the ability and unceasing zeal of our Paleontologist, 
Dr. P. Stoliczka. 

The next group to be taken up, the Brachiopoda, are all arranged for the drawings and 

plates, and the MSS. descriptions have been completed. 

In addition to the completion of this volume of the cretaceous fossils, a fasciculus has 

been published descriptive of some peculiar crabs found fossil in the tertiary rocks of Sind 

and Cutch, also prepared by Dr. P. Stoliczka. 

Almost immediately on Dr. W. Waagen’s joining the Survey last year, the entire series 

of the Cephalopod fossils, collected in Kutch, was placed in his bands for careful examin¬ 

ation and description. For this Dr. Waagen was singularly well qualified by his intimate and 

accurate knowledge of the jurassie rocks of Europe, and by his previous studies in this 

special family of organic remains. The result has fully justified our well grounded expecta¬ 

tions. The last number of the Records of the Survey contained a brief abstract of his 

researches. These are such as cannot fail to prove of the highest importance in their 

bearing on Indian Geology, and brief as this mere abstract is, it is certainly one of the 

most valuable contributions yet made to Indian Palaeontology. Not less than about 80 

species of Ammonites alone have been recognized, of which 73 have been procured in suffi¬ 

cient preservation to bo specifically described. Of these 73, 37 are old and well known species, 

and 36 are now for the first time described. Of all these, Dr. Waagen completed the detailed 

descriptions and careful drawings before going to the field. These drawings are now 

being lithographed. 

The rich collections of fossils from Indian rocks (although as a whole the greater part 

of the country is singularly barren of any organic remains) which have been so rapidly 

accumulated are now being so expeditiously and systematically examined that the publication 

of them is limited only by the very small sum at our disposal for such purposes. The 

present rate of issue of the Palmontologia Indica could he with ease doubled if funds were 

available. 

Of the Memojes of the Geological Survey two volumes are nearly ready, but have been 

unavoidably delayed by accidential injuries to lithographs, so that they could not be published 

before the close of the year. 

Maps.—Sanction having been given to the publication of the larger scale maps which, 

whenever available, are always used in our field examination, arrangements have been in 

progress for carrying out this system. It has been necessary to make several trials before 

finally adoptiug any one plan, inasmuch as it is essential that all should be published on an 

uniform system, of colouring, of arrangement of maps, &c., &c. Draughtsmen had also to be 

trained to the work, differing essentially as it does from ordinary mapping work. These 

preliminary and tentative proceedings will now soon be brought to a close, and I expect 

that a short time will see the whole in good working order. A similar series of preliminary 

trials has been found essential in the lithographing of the maps for final colouring. In 

these, we are greatly indebted to the friendly interest which Captain Murray, of the Surveyor 
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General's Department, has evinced in the matter. And I doubt not that a short time will 

now suffice to bring the system into operation, after full prevision, so as to prevent their 

being any interruption afterwards. 

Geological sketches of several districts have been furnished to local officers for use in 

gazetteers. Accounts of Bombay generally, of the Worth-Western Provinces, of Kerowli, 

have thus been supplied. 

Library.—During the twelve-months one thousand and sixty-eight volumes or part of 

volumes have been added to the Library of the Geological Survey. Of this number about 

one-half, namely, 529, have been presented, and 539 have been purchased. A complete list 

of these accessions has been given in the successive numbers of the .Records. I append 

here a summary list of those Societies, Institutions, &c., from which presentations have 

been received during the last year. Recently established rules for the purchase of books, by 

which the purchase of any book in this country, however urgently required, has been strictly 

forbidden, and the establishment of an agency in London, which, however good for the provision 

of ordinary English books, never has had such connection with the foreign scientific societies, 

and such knowledge of the publication of scientific works, as would enable it satisfactorily to 

fulfil the duties of an agent for a purely scientific establishment such as the Geological 

Survey Library, will most seriously delay, obstruct, and impede the successful formation of 

what has ever been our great want here—a good Geological Library. The delays alone will 

necessarily throw back our information more than half a year. Books delivered for trans¬ 

mission to our library in May last arrived in middle of November, those sent to India Office 

in July were delivered in Calcutta in middle of December. In this case the cost of 

transmission direct by post would have been less than the cost of the cumbrous and needless 

packing in boxes of wood and tin. In scientific enquiries and researches it is essential that 

we should have rapid and ready access to the latest publications, and delays of this kind, 

therefore, most seriously diminish the utility and interest of our labours. 

Museum.—As frequently stated, we can only maintain our collections in order by removing 

one series so as to make room for the examination of another, and so gradually, but with 

great inconvenience, bring them all into arrangement. I have already stated that during 

the year our mineral collection has been overhauled and entirely remodelled. This could 

only be done by removing from the cases a collection of rocks. This difficulty will, I fear, 

continue in full force until the collections have been placed in the new building intended 

for their reception, when space sufficient for their exhibition and careful comparison will be 

available. Steady progress is, however, being made in the arrangement of the large collec¬ 

tions, and in the sorting them, so as to form, when space is procurable, duplicate series for 

exchange or presentation. 

An index map is appended showing approximately the present state of progress of the 

field work of the Survey. 

The various collections are in as good order and safe keeping as the limited accommo¬ 

dation at our command will permit. 

Camp, Godavery River, \ 

17th January 1872. i 

T. OLDHAM, 

Superintendent of Geol. Survey of India, 

and Director of Geol. Museum, Calcutta. 



I Records of the Geological Survey of India. [ VOL. v. 

I.ist of Societies and other Institutions, 8fc., from which publications have been received 

in donation or exchange for the Library of the Geological Survey of India during 

the year 1871. 

Batavia.—Royal Society of Batavia. 

Belgium.—Academie Royale des Sciences, Bruxelles. 

Berlin.—Royal Academy of Science. 

„ Deutsche Geologische Gesellsehaft. 

Boston.—Society of Natural History. 

Breslau.—Silesian Society. 

Calcutta.—Asiatic Society of Bengal. 

„ Agri-Hortioultural Society. 

Copenhagen.—Danish Academy. 

Dehra Doon.—Trigonometrical Survey of India. 

Dresden.—Natunviss. Gesellschaft, Isis. 

Edinburgh.—Royal Society. 

„ Royal Scottish Society of Arts. 

Florence.—Geological Society of Italy. 

Glasgow.—Philosophical Society. 

London.—Royal Geographical Society. 

„ Royal Society. 

„ Royal Asiatic Society of Great Britain and Ireland. 

„ Geological Society. 

„ Society of Arts. 

„ British Museum. 

Montreal.—Geological Survey of Canada. 

Moscou.—Societe Impdriale des Naturalistes. 

Munich.—The Bavarian Academy. 

Neuchatel.—Society of Natural Science. 

Paris.—Comm, des Annales des Mines. 

Penzance.—Royal Geological Society of Cornwall. 

Philadelphia.—American Philosophical Society. 

„ Franklin Institute. 

„ Academy of Natural Sciences. 

Portland.—Society of Natural History. 

Salem.—Essex Institute. 

Toronto.—Canadian Institute. 

Turin.—Academy of Turin. 

Victoria.—Government Geological Survey of Victoria, Department of Mines. 

Vienna.—Kais. Akad. der Wissenschaften. 

„ Iv. K. Geologische Reichsanstalt. 

„ Zool. Bot. Society of Vienna. 

Washington.—Smithsonian Institute. 

„ Department of Agriculture of the U. S. of America. 

Zurich.—The Natural History Society. 

Governments of India, Bombay, Bengal, N. W. Provinces; Chief Com- 

missioners of Oude, British Burma, and Mysore. 
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Rough section showing the relations of the rocks near Mukree (Mari), 

Punjab, by William Waagen, Ph. D., Geological Survey of India. 

(Note.—For the information of many who frequent the Sanatorium of Murree, and who may be interested in 

the geological structure of the hills in that neighbourhood, we give the following description of one easily accessible 

section close to that hill-station, the true relations of which have hitherto puzzled many observers, owing to the 

numerous contortions and fractures to which the rocks have been subjected. This one section will, it is hoped, serve 

as a key to others, and the vast importance of fossil remains as indicating the true position of the beds in which they 

occur, once recognized, it may fairly be hoped that greater care will in future be taken, not only in searching for 

these, but still more in accurately establishing the beds from which they have been taken,—a point hitherto 

sadly neglected). 

The deposits on which Murree is built consist of red, clayey slate, with thick sandstone 

layers in it. These deposits are certainly younger than the Nummulitic beds, which de¬ 

cidedly dip under the former. It is difficult to say anything more definite as to their age, 

every trace of fossil (except a few bones formerly found, as I am informed) being wanting. 

(They are probably the representative of the true Siwaliks, further to the east). The 

thickness of this formation is great, but there are so many faults and contortions cutting 

through it that we cannot say how many times the same series is repeated, and cannot, 

therefore, determine its thickness with any exactness. 

The true Nummulitic limestones are cut oil’from this formation mostly by enor¬ 

mous faults, so that it often seems as if the red layers were dipping under them, but in 

other places the superposition over the Nummulitics is very clear. 

The ridge of mountains upon which Murree is built is entirely composed of these red 

sandstones and shales. The next ridge to the north-west, however, is, for the greater part, 

formed of Nummulitic limestone, which, at short intervals, is interrupted by thick beds of 

grey or greenish shales, in some places crowded with Nurnmulites. Even at the lowest portions 

of the red shales, there are some calcareous bands, which contain, but rarely, Nurnmnlites 

and some badly preserved Pelecypods, (mostly Lucina), and Gastropods, (jPleurotoma or 

Fusus), and some fragments of Crustacea. The richest bed of the Nummulites, which is a 

greenish-grey clayey shale, appears to be rather in the upper part of the whole formation, 

while the lower part is composed of more compact, grey limestones, which look exactly like 

Triassie limestone, but which are, for the most part, crowded with organic remains, chiefly 

of undeterminable species, among which a very small Nummulite is prevalent. 

In most cases there is at the base of the Nummulitics a hand of black, coaly shale, of 

not more than from three to five feet in thickness. 

. Below this is a very considerable mass of sandstone in thick beds, outside yellowish- 

brown and of rusty aspect, but blue in color on the fresh fracture. This sandstone is, in 

some places, at least 100 feet in thickness. There are no palaeontological indications of the 

age of this sandstone, but it always occurs in such close relation to the ‘ Spiti shales’ that I 

am inclined to consider it of jurassio age: more especially as Dr. Stoliezka has found, in 

Spiti, similar sandstones, which he calls ‘ Upper Jurassic.’ 

This sandstone, if jurassio, is often the only representative of this formation, the Spiti 

shales, at its base, being so much crushed, that they almost entirely disappear, or they 

assume an aspect quite different from that which they commonly present. 

The ‘ Spiti shales , which follow immediately below the sandstones, are of very typical 

aspect; black shales, with clayey concretions, impregnated with iron. The concretions which 

are not very distinct from the surrounding shale are not very hard, and do not, as is 

the ease in Spiti, contain the fossils. On the contrary, the fossils here are all compressed 

between the single layers of the shales. At their base these ‘ Spiti shales’ show a 

certain amount of transition to the next lower formation by some beds of a calcareous 

sandstone and limestone intermixed with yellowish-grey shales. The limestones then 

i 
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become predominant, and show, 

about 100 feet below the shales, 

some very fossiliferons bands. It 

is, however, impossible to obtain 

anything determinable out of the 

rock, but on the weather-worn 

surfaces, I observed numerous 

specimens of an Oyster, which I 

consider to be Gstrea Haidingeri, 

as well as several other things as 

yet undeterminable. I have little 

doubt that these limestones are 

Triassic, although the palaeon¬ 

tological evidence is still very 

small. But the general aspect of 

the whole group is so entirely 

like some portions of the Upper 

Trias in the Alps, and further, as 

there are Triassic beds of the 

Alpine type, well known in the 

Spiti districts of the Himalaya, 

I do not hesitate to place these 

limestones in the Triassic forma¬ 

tion. I have seen no sections in 

this neighbourhood which go 

deeper than the Trias. 

To give a single and easily 

accessible section bearing out the 

statements just made, I will de¬ 

scribe a line, of which a very 

rough sketch is given in the 

accompanying figure. The first 

glance will show what enormous 

contortions and faultings the 

rocks in this district of the 

Himalaya have undergone, and 

how difficult it must be to trace 

the succession of the layers, when 

they are cut through by faults 

at nearly every 100 paces, and 

when these faults are not visible 

at the surface. The scale to 

which the section is drawn does 

not allow of all the contortions 

which exist in reality being 

shown. I was compelled to limit 

myself to the principal ones, 

which determine the succession 

of the layers. 
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Starting from the Bazaar of Kaira-gully, by the baekroad which leads round the 

Chumba Peak to Ohungly-gully, one is able to observe in the first two miles of the road the 

following section:— 

(1, 2.) At the corner, where the road branches off from the village and descends on the 

slope of the mountain, are some Nummulitic shales and limestones, of grey and greenish 

color, dipping to the north, and here and there with layers full of a small species of 

Nummulite. The Nummulitic rocks continue for some hundred paces, frightfully contorted 

and dipping in several directions. At last 

(3.) A thin band of an entirely black, coaly clay-shale, about two feet in thickness, 

appears, indicating the base of the Numiuulitics. 

(4.) Below this a series of hard sandstones, brown on the surface, and bluish-grev 

inside, are observable along the roadside, intermixed with greyish shales, and here and there 

with a more calcareous band. The dip is uncertain and varied; often they are vertical. 

(5.) After these one meets grey limestones with intercalated grey slate layers, and 

bands full of fossils, among them Oslrea Haidinr/eri, another Oyster, and several other 

Pelecypods and Gastropods, in a very bad state of preservation. 

Going further along the path, the series is broken off, and, near the point A, a large 

fault must cut through the rocks, although this is not visible on the surface, everything being 

covered by debris. 

Beyond the point a new series begins. The first thing which appears are a few broken- 

down bands of sandstone. Then follow, nearly horizontally, 

(6) . Spiti shales, between sandstones of nearly the same description as No. 4, both 

on the top and at the base, the band at top being, however, very thin. The shales contain 

fossils, but they are very rare. Dr. Beveridge, R. A., also tells me that he found at this 

spot, some time ago, a few Ammonites. 

Above the upper sandstone follows 

(7) . A series of grey shales and nodular limestones, with many, hut very badly-pre¬ 

served, fossils. I collected here a little Avicula and some Oysters. Further on, from the 

road one can see very clearly that the whole of the Spiti shales and the other rocks have 

been overthrown, and that the lowest part of these shales, and the transition from them into 

the Trias, is here exposed. A little space is then covered with debris, and then typical 

Triassic rocks (= No. 5) are visible, thrown into a vertical position. With this the second 

series finishes, and the whole is again cat off by a large fault at the point marked B. 

The third group begins again with Spiti shales (below them occur Triassic rocks indistinct), 

which are here highly fossiliferous, and dip at a high angle to the north. Here I collected 

Oppelia aaucineta, Strachey, PerispMnctes frequens, Opp. conf., simplex. Sow., JBelemuitet 

Oerardi, Opp., Inoeeramus, CueuUaa, Pecten ; all common species of the ‘ Spiti shales.’ 

Above the shales are the sandstones, described at No. 4. well exposed and more than 100 

feet in thickness. They make a slight curve, showing a little bit of ‘ Spiti shales below, and 

then dip down at a high angle. Below on the slope of the mountain the shales are again 

visible, divided into two stages by a thick calcareous band; the thickness of the shales 

is here very considerable. 

This pai't of the section is obviously not overthrown. And, therefore, it is clear that 

the portion of the shales which has furnished the fossils is the uppermost or highest. 

Higher np in the next ‘khud,’ some more black shales are visible, but it remains dc-bt- 

ful whether they are not cut off by faults. 
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At the point marked C a great fault again cuts off the whole section, and further on, 

Triassic limestones appear dipping to the south-west. 

The mountain-top appears to he formed of the Nummulitic limestone. 

This single section will sufficiently show the difficulties which attend the study of the 

geological structure of these regions. It is so far a satisfactory result that we are able 

to show that the Nummulitics lie above the Jurassics, and the latter above the Triassic. It 

is as yet utterly impossible to go farther than this and attempt to distinguish certain stages 

within the Mesozoic formations of this area. 

Mubbee, ) 

November 1871. 3 

Minebalogical notes on the gneiss of South Miezapue and adjoining country, by 

Teed. R. Mallet, Geological Survey of India. 

In comparison with the gneiss of many other portions of the country, which presents 

a singular dearth in mineralogical variety, that of the Rohr valley offers to the mineralogist 

a tolerably rich field. The number of species known to exist in the area now surveyed is 

pretty large, and further exploration will probably increase it. The following is a complete 

list of those found up to the present time, showing their association and mode of occurrence, 

but I will confine my subsequent remarks to those to which some special interest attaches 

I.—Occurring as constituents of the gneiss. 

Quartz—Orthoelase—Oligoclase—Muscovite—Biotite—Hornblende—Epidote ?. 

II.—Occurring in beds in the gneiss. 

Limestone—Corundum—Magnetite—Quartz as quartzite and quartz schist—Hornblende 
as hornblende rock, tremolite rock and jade—Mica as mica schist—Epidote. 

III. — Occurring in veins in the gneiss. 

A. —In quartz veins and reefs—Quartz. 

B. —In pegmatite veins (as constituents)—Orthoelase—Oligoclase—Quartz—Mica. 

C. —In epidotic veins—Epidote—Quartz. 

IV. —Accidental minerals in the gneiss. 

Magnetite—Ilmenitc—Schorl—Garnet—Stilbite ?. 

V—Minerals occurring in the subordinate beds (II) of the gneiss. 

In the limestone Magnetite—Pyrites—Haematite—Serpentine—Chrysotile_Phlo- 
gopite ? 

ft.—In corundum bed—Schorl—Euphyllite—Diaspore. 

y.—In jade bed associated with Corundum—Corundum—Rutile P—Schorl—Euphyllite. 

VI.—Occurring in the veins, fyc., in the gneiss. 

a—In quartz veins—Micaceous iron—Tremolite—Augite—Epidote—Schorl—Muscovite. 

—In quartz reef—Galena—Cerusitc. 

I- In pegmatite veins (as accidental minerals) Schorl—Garnet. 
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Felspars. 

Two felspars are often coexistent in the gneiss and in the coarse pegmatite veins by 

which it is traversed* One, orthoclase, generally forms 

the greater proportion of the rock, and is seldom or 

never absent. The usual color is some shades of pink or red, but it passes not unfre- 

quently into pure white. The other, oligoclase, is not a constant ingredient of the rock, and 

where it does occur, it is present in much smaller proportion; it is always white in color, 

weathering with a dull opaque surface from superficial alteration into Kaolin, and on such 

altered face, it is markedly distinguished from the orthoclase which weathers far less readily. 

Oil a fresh fracture the two minerals are less easily distinguished, particularly when the ortho¬ 

clase also is white. The striae characteristic of triclinic felspars are often prominently marked 

on the oligoclase. The following is an analysis by Mr. Tween from a specimen out of one of 

the pegmatite veins:— 

Silica .... 66*24 
Alumina ... 20*72 

Lime ... 3*56-v 
Potash ... 2*26 >= Soda 14*65. 
Soda ... 9*22 ' 

102-00 

Mr. Tween’s determination of the alkalis in similar felspar from Bundlekund gave— 

Soda 
Potash 

13*33^ 
2*76J = ^oda 

Micas. 

The mica is usually biotite, and black or dark-brown in color. It generally occurs in 

small laminae, but occasionally crystalline layers or single 

crystals occur with cleavage faces one-half of an inch or one 

inch across. Muscovite sometimes takes the place of the above, hut it is less common. 

The mica is sometimes associated with hornblende, and thence by gradations the rock 

passes into hornhlendic gneiss. In the gneiss which is associated with the limestone of the 

Bichee Nuddee, large crystals of hornblende two or three inches across occur. 

A yery handsome epidotic rock occurs in a few places, which may perhaps he granite, 

Epidote but ^ never obtained a clear section showing what its true 
relations are. It is found in low hillocks to the south¬ 

west of Pokhra, being there composed of pink felspar and epidote with a little quartz. 

Traces of foliation (or which seem to he such) can be seen, but they are faint. Thin veins 

of epidote with quartz sometimes intersect the gneiss both obliquely and parallel to the 

bedding. Sometimes tho sides of the vein are of epidote, while the centre is of crystalline 

quartz, tho summits of the crystals pointing towards each other with a hollow in the centre 

as if the vein had been produced by infiltration. 

Epidote as a rock in itself has been obtained in only one instance, where it occurs as a 

bed in the gneiss of a few feet thick. 

Of the bands of limestone hitherto met with in the gneiss, the most remarkable is 

that near the mouth of the Bichee Nuddee, a stream which 

falls into the Rehr near Singrowli. The rock, which is a 

white marble, afforded on analysis the following composition :— 

Carbonate of lime 

Limestone included minerals. 

„ magnesia 

* n iron 

Insoluble (chiefly minute scales of mica) 

Total 

, 53*85 
45*78 

*34 
1*00 

100*97 

being, therefore, a typical dolomite. 
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It is in ter banded with serpentine of a rich green, and occasionally, but rarely, of a 

rosin-brown tint, constituting a fine yerde-antique marble. The purely calcareous and the 

serpentinous layers, say from about an inch to a foot in thickness, or in places the serpentine, 

occurs disseminated ill spots through the limestone. Associated with the latter are layers 

of tremolitic hornblende passing in places almost iuto diallage; these hornblendio hands being 

traversed by irregular veins composed of quartz and largely crystallized white and flesh 

colored ortlioelase. The limestone contains large and brilliant crystals of greyish tremolite 

(the tremolite in the hornblendic layers being light-green) and also large masses of a bronze 

colored mica, which from its occurrence in crystalline limestone, its color, and the com¬ 

paratively taint degree in which it exhibits biaxial characteristics, I believe to bo Pblogopite. 

Magnetic iron with pyrites also occurs, but sparingly. In the serpentine silky layers of 

lig'kt-green chrysolite of £ or £ inch thick are frequently met with. 

Slabs of marbles transverse to the bedding, and thus showing the alternation of lime¬ 

stone, and serpentine might be got to any extent of three feet across and with a little selection 

of live or six feet or possibly even more. The rock is quite free from silieious geodes, and 

would thus admit of easy sawing and grinding. 

Fine grained gneiss with hornblende schist and containing crystals of hornblende two or 

three inches across is in contact with the limestone, the rock being so jumbled up that if 

the gneiss were not well foliated, one might easily fancy it to he intrusive granite. 

Several other bands of limestone have been met with, of which some are serpentinous. 

Others again are pure white, constituting a valuable marble.* One of these latter is crossed 

by the road from Singrowh to Mirzapur a few miles from the former town. 

On the right hank of tho Behr a little below Saipur, there is a fine hand, some 25 or 

30 yards thick, of white crystalline marble with serpentinous layers, which may be traced for 

a considerable distance along the bed of the stream. 

I cannot yet give a full account of the corundum bed at Pipra, as it is not included in 

Corundum and associated minerals. the area geologically surveyed, and I was only able to pay 

a hurried visit to the place. The rock occurs in a small 

hill between Pipra and Kadopani (sheet 18, Bewah Survey) and about a mile east of the 

Behr, the beds here having a rather irregular strike about east-west. 

The section across the hill from south to north is as follows :— 

a. —White quartz schist. 

b. —Hornblende rock passing into jade, a few yards thick. 

c. —White tremolitic quartz schist breaking with a fibrous fracture. 

d. —White and green jade, including some purple corundum and containing euphyllite 

and schorl. The coloring matter of the jade is clearly the same as that of the mica (oxide 

of chromium); c and d are about equal in thickness to b. 

e. —Bed of corundum several yards thick. It is a reddish, sometimes purple or grey, 

rock almost compact and crystalline in texture, and containing emerald-green euphyllite and 

sometimes schorl and diaspore in the seams. 

/.—Porphyritic gneiss with hornblende rock. I hardly think that the corundum is 

in direct contact with the gneiss, but it is seen within a few feet of it, the intervening space 

being obscure. 

* White granular limestone also occurs in the slate veins. A very fine mass may be found at the east end of 

Oobra Ilill, two or three miles from the Mirzapur road. 
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The corundum bed is several yards thick, the surface of the hill being covered with 

blocks, some of which are not less than 2 or 3 tons weight, and the supply is practically inex¬ 

haustible. I was informed by a brother of the Eajali of Singrowli, who lives at Kotah, 

that no corundum had been worked for five or six years, until last year, when 125 bullock 

loads were taken to Mirzapiir. A load is three maunds, the total, therefore, being about 

13£ tons. The mahajuns pay for it at the spot 2& rupees per 14 kucha maunds (= 7 pucka 

maunds of 4£> seers), or at the rate of 18 shillings a ton. 

When two pieces of the corundum are rubbed or knooked together in the dark, a very 

beautiful crimson phosphorescence is emitted. When struck pretty hard yellow sparks are 

also thrown oil', which are quite distinct from the crimson light, the latter being elicited by the 

slightest tap. The same effect is produced more brilliantly by striking the stone with a 

hammer, when the crimson light and yellow sparks flash out at every blow sufficiently hard 

to produce the latter. The sparks resemble those from a flint and steel, while the 

crimson light is trno phosphorescence; this red light is so characteristic as to be of consider¬ 

able nse as a rough field-test for recognizing corundum. Quartz, and such other common 

silicious minerals as I have examined which phosphoresce at all, give a yellow or greenish- 

yellow light. 

In 1868-69 I was informed that corundum was also obtained at Beejpur in Mirzapiir 

on the right bank of the Rehr. On visiting the spot my guide took me down into one of 

the nullas in the alluvium and showed me several lumps lying about, but I could find none 

such in the alluvium itself, or in any bed in the gneiss of the neighbourhood from which the 

above lumps could have been derived. This year in conversation with a very intelligent 

Zemindar of Beej pur, I mentioned the above facts, for which he furnished what seems to 

he a very plausible explanation—namely, that some years ago some bullock-loads of corun¬ 

dum from Pipra (eight or ten miles to the west) had been thrown away at Beejpur 

by some brinjarries on account of more profitable employment for their bullocks or some 
other reason. 

The emerald-green mica which occurs in seams in the joints of the corundum has been 

analysed by Mr. Tween, who found its composition to be as follows:— 

Silica ... 43-53 
Alumina ... 43-87 
Oxide of chromium *91 
Lime 1*45 

Potash ... 7-80 

Water ... 4-60 

102-16 

The high percentage of alumina and small one of silica is what might be expected in 

such a mineral in association with corundum, and the above composition closely coincides 

with that of the mineral named Buphjdlite by Professor Silliinau, Jr., which occurs at IXniou- 

ville, in Pensylvania, in exactly the same association as our Indian one, namely, with corun¬ 

dum and tourmaline. The chief difference is, that the alkali in the American mineral in¬ 

cludes both potash and soda, while in the Indian one it is wholly potash. In the mica, 

however, found by Dr. Smith with the emery of Asia Minor, which he originally regarded 

as muscovite, -but on further investigation referred to Eupbyllite, the alkali is almost 

wholly potash; the presence of 1 per cent, of oxide of chromium to which the Indian 

Eupbyllite owes its color, distinguishing it from that, of both America and Asia 

Minor. The following are its chief characters:—Structure micaceous; hardness = 3'5—4'0; 
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lustre on cleavage surface pearly, on lateral faces vitreous; color emerald-green and 

sensibly monochroic. The color is the same whether the light passes perpendicularly or 

parallel to the cleavage faces. Transparent in plates of moderate thickness. Biaxial; 

yields water in a glass tube. In platinum forceps emits a starry light, loses its color, and 

falls on the edges. 

The tourmaline associated with the above is jet black with rather brilliant lateral faces, 

and often has a columnar structure parallel to the direction of the seam. Diaspore has also 

been observed, but as yet in too small a quantity to admit of description. 

Euphyllite and tourmaline occur also in the jade bed d, the former as a scaly aggregate 

and the latter in a massive form. Microscopic crystals with metallic lustre and red color are 

observable, which appear to be white, but they are too minute to admit of chemical examin¬ 

ation. 

If I should revisit the Sone Valley next season, I hope to be able to furnish fuller 

information respecting this very interesting as well as valuable bed of corundum and to trace 

its outcrop east and west from present workings. 

Just north of Korchee (close to the Paigun nuddee, to the east of G o n d a Hill) 

Magnetite there is a bed of magnetite in the gneiss with a high southerly 

dip. It is a banded rock composed of alternate arenaceous 

and ferruginous layers, the latter being granular magnetite. The layers are probably due 

to beddiug, for in a nulla near this, the sand, which is derived from this rock, exhibits a 

similar alternation of silicious and magnetic sand. 

The rock, which is friable, is pounded up into coarse powder and smelted near Korchee, 

being afterwards worked up into Kolharis, Ac, As the powder consists entirely of magnetic 

and silicious grains, it might be very advantageously washed in the P a n g u n nuddee, by 

which process the latter could be easily and rapidly removed and the yield of iron con¬ 

siderably increased. As usual with the natives no dux is used, so that the elimination of 

the silica would be an important gain. 

Hornblende rock is very abundant in some parts of the gneiss, often rising into hills on 

Hornblende rock, tremolite rock, account of its groat hardness. Very often, however, it does 
and jade. not g0j aiMj many 0f largest hills are of granitic 

gneiss. Sometimes (e. g., west of Dumrahur and Urjhut) instead of the usual dark-green 

color, the hornblende is light-grey, and tremolite rock becomes the most appropriate term. 

The latter again passes into a light-grey or greenish granular to nearly compact hornblende or 

jade. Such is met with iu many places, more noticeably between Kotamowa and Bumnee, 

and the top of Kurea Ghat, where bands of a foot to a few feet in thickness are interbedded 

with mica schist, north-west of Ivisaree, where olive-green jade occurs, and associated with 

the corundum of Pipra. 

Accidental minerals are not numerous in the gneiss itself. Small crystals of magnetic 

iron are rarely scattered through the mass of the rock 
Accidental minerals m the gneiss. . . . , , , 

and llmemte sand nas been observed m one or two streams. 

Schorl is a not unfrequent mineral, and garnet is also to he found in places. It is worth 

noting that as far as my observation has gone, schorl is confined to the white felspar gneiss 

and garnet to it and to the hornblende schists, while epidote only occurs iu the red felspar 

gneiss. Pieces of red stilbite have been found in streams, but have never been observed 

in situ. As, however, there is no trap in the district except some doubtful dykes, it is most 

probable that the stilbite occurs as a secondary mineral in the gneiss itself as a lining of 

fissures or otherwise. 
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About three miles west-south-west of Churcliuree and one and a half south-west of 

Chiraikoonin Sirgoojah, near the south-westboundary 

of Mirzapur, there is an abandoned lead mine formerly worked 

by a Mr. Burke. The rock in which it is situated is a reef of light-grey, rather shattered 

horny quartzite, running west-15D-north, which cuts, parallel to the strike, through "rotten- 

looking earthy micaceous gneiss. At the mine it is double, there being one band of quartzite 

perhaps 50 feet thick, separated from a smaller one by some yards of the gneiss, which latter 

is intersected by many shattered strings of quartz. The quartzite bands have a hade of 60° 

to south-15°-west, the thicker being uppermost, and from the spots which were pointed out 

to me as those from which the ore had been extracted, it would appear to have occurred in two 

pockets; one near the lower side of the upper quartzite band and the other near tho upper 

side of the lower, in both cases near the band of gneiss which separates the two branches 

of the reef. I observed nothing indicating the existence of a regular lode. In some 

specimens of the quartzite obtained from the above-mentioned spots, the ore (galena) was 

very sparsely disseminated. Cerusite also occurs in small crystals, and I was informed by 

the Collector of Mirzapur that he believed antimony had also been obtained here. Of the 

latter, however, I observed no appearance. 

Description of the sandstones in the neighbourhood of the first barrier on 

the Godavari, and in the country between the Godavari and Ellore, by 

William T. Blanford, F. G. 8., Deputy Superintendent, Geological Survey. 

[Continuedfrom page 115, Records, 1871.] 

The rocks near Raiglidem differ in no way from those further to the cast, nor do they 

require any description. Coarse sandstones and grits with 
Rocks near Raigudem. , . 

conglomerates and lerruginous bands are alone exposed. 

Rocks are seen, for a short distance, in the Pamaleru stream, from its confluence with 

the Godavari to just abovo Genkatapur, rather more than a mile in a direct line, thence none 

occur all the way to Pagalapali. In the Rala Yagu which comes from Gundalpad and 

joins the Pamaleru near Burgawai, much felspathic sandstone and conglomerate is exposed, 

of the usual character with a gentle north-west dip. In one spot nearly a mile from the 

junction of the two streams some pink and white argillaceous stone is seen in the Rala. At 

the junction with the metamorphics to Gundalpad no Talclurs are found. The bottom bed of 

the sandstones seen in the stream is soft and felspathic, grey in colour and conglomeratic with 

the usual Barakar character, but in a hill immediately to the south coarse loose textured pink 

and white sandstones are seen which precisely resemble Kamthls. 

The valley which debouches from the mass of hills to the eastward at Gundalpad consists 

TT.„ , of metamorphic rocks, like all the more eastern hills, 

including the lofty mass of Rajgota. But the hills imme¬ 

diately north and south of the valley consist of gritty sandstones. Their eastern boundary passes 

nearly under Rajgota, and is continued in a south-south-east direction for some miles; then 

it turns more to the eastward. From the peak of Rajgota a fine view is obtained over the 

sandstone country; the jungle clad hills to the south-west are seen extending away for many 

jniles, and the rocks of which they are composed have a low tolerably uniform dip, usually 

from abont 2° to 5°, hut occasionally rather higher, to the wost and west by north. It is 

evident with this dip and the direction of the boundary that the beds near Ashraopetta 

ought to be rather lower in the series than those near Gundalptid; the former may represent 
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some of the rocks seen near Amravaram. Their appearance, however, does not support this 

view, but it should be added that they are very poorly seen, and that there was but little 

time for their examination. 

The sandstone south-east of this, along the north-east boundary of the sandstone area, 

Rocks near north-east boundary, presents few points of interest. As a rule, the rocks, except 
south-east of RajgoM. where they rise into hills, which is not often the case, are 

greatly concealed by sandy clay, forming a semi-alluvial plain. The hills, so far as they were 

examined, are of the usual grit and conglomerate, which form so large a proportion of the 

field. The boundary is but an approximation laid down by a very cursory survey, and 

closer examination will doubtless induce its modification. In only one place was anjf rock 

seen which had a distinctly Barakar character. This lies south of the village of Bedanol, 

nearly due east of Xshraopetta, in a stream, and even in this case the rock was only white 

felspathic grit, unaccompanied by shale or any other typical Damuda formation, 

Leaving the eastern or north-east boundary for the present and returning to Raigudem, 

Rocks near north boundary between ^ lew wolds will suffice to describe the rocks near the 
Riugidem and Dantalbord. northern boundary of the sandstone area. The rocks to the 

west and south-west of Raigudem are the usual sandstones, grits aud conglomerates, more or 

less ferruginous and possess no distinctive character. To the south stretching away to 

Pagalapali and Mulkalapali is a great sandy plain of jungle in which very little rock occurs. 

Scarcely any rock too is seen in the Kinarswami stream. 

North-west of Dantalbora there is a considerable tract occupied by Talohirs. They 

do not run along the boundary of the sandstones, and it is 

impossible to say whether they extend as far as the boundary, 

or whether they are separated everywhere by a belt of metamorphics, as no rocks whatever 

are seen near the Kenarswami stream about Dantalbora. Metamorphio rocks are, however, 

well seen at Gadrfigfidanpali, at Koigiidem north of Sompali, and north of Sangam, and 

they occur in the Kinarswami or rather in its tributary called the Morair, south of Sangam, 

so that they probably surround the Talchir area in the manner represented on the map. The 

Talchir beds consist chiefly of the usual shales (mudstones), hut just north of Gadragudanpali 

some very fine compact sandstone is met with, which has been quarried to some extent 

for the anicut at Dumagudem. The northern boundary of the patch of Talchfrs is obscure, 

the country being much covered by sandy alluvium. 

The mode of occurrence of the Talchfrs not only in this instance, hut also on the outside 

Unconformity of DaunidaB and oi' the sandstones elsewhere, as on the Tal, at Dumagudem' 
KiXmthis on TAlchirs. around Narsapur, and again on the Ganar stream, and their 

want of connection in all these instances with the Damddas, point to an unusual degree of 

unconformity between the two groups. In the present instance, the higher sandstone beds 

near Dantalbora are believed to he Kamtlus, hut on the Ganar stream Damudas occur, and 

there is the same absence of Talchfrs at the base of the plant-bearing seiies, and their 

presence in an isolated area outside the boundary. 

The range of hills forming the boundary of the sandstones from Paliinclia to Sitarampur 

„ „ ,, fort consists mainly of grit. On the hill fort of Sitarampur, 
North boundary near Paluncha. J r 3 

forming their eastern extremity, some fine red and yellow 

compact shale of unmistakeablv Karuthf character occurs. It is not clear whether the 

boundary here is a fault or not, hut apparently it is natural. The beds dip south close to the 

boundary, but north on the hill forming the old fort. 
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From near Paluncha the boundary turns to the northward, and a belt of sandstones, 

6 or 7 miles broad west of Palunclia, connects the tract 
Sandstones north-west of Paluncha. to ^ gonthwald towards EUore and 

Ragamahendrf with that which extends to the Godavari near Managur, and thence occupies 

a large area to the north-west and west. The country was merely traversed rapidly 

and the boundaries very roughly sketched in. All the sandstone seen as far as Alapali 

and Markod is similar to that near Palunclia, and the same is found from Marked for 

fourteen miles in a direct line eastward to Buga. From a high hill two or three miles 

west of Markod, all the hills in the wild jungly country, for at least ten or twelve miles west 

and south-west, were seen to he evidently of sandstone ; beyond that distance are ranges, the 

outline of which is less definite, hut they are tolerably flat topped and of no great height. 

For several miles north and north-west of Markod similar sandstone ranges appear. (Markod 

is north of the Atlas Sheet 94). 

Coal has been found in fragments in the Ivinarswami stream near Alapali, and comes 

from the hills to the north-west (see Records, 1871, p. 82). 

Two or three miles from Ragiindla north-west of Paluncha, on the road to Kunaram, chip- 

Chipped quartzite implements near ped implements of the Abbeville type were found in such 
Ragdndla. abundance that 40 were picked up in a quarter of an hour 

within an area 50 yards square. The spot is in jungle and cut up by small ravines. Many 

of the implements are of white quartz. Besides those collected, nearly as many more must 

have been discarded as ill made and imperfect, so that the locality was probably a place ol 

manufacture. 

The south boundary of the sandstone area, running west-north-west from Ghanbpet, was 

only crossed m one spot near Ivarkonda. The hills near 
Boundary near Gluribpet. Qharibpet consist to the west of garnet and kyanite 

schist,* the last named mineral occurring in unusual abundance and frequently of good 

colour. The eastern portion of the same little group of hills is composed of sandstone and 

grit of the usual character. 

South of this the boundary can only be traced at intervals, much of the country being 

covered with thick sandy soil. The metamorphic rocks, which consist largely of a compact 

hornblendic gneiss, approaching diorite, are more frequently exposed at the surface than the 

sandstones; the latter are rarely seen except in the hills, which are dotted over the country, 

and which consist of felspathic'grit often conglomeratic. Farther east, within the sandstone 

area, there is the same paucity of sections; a few fragments of ferruginous grit occur here and 

there, or quartz pebbles scattered over the surface indicate the existence of conglomerate, hut 

sections are exceedingly rare. In all the grits fragments of clay occasionally occur. 

The hill east of Unaparedipali is of the usual coarse felspathic sandstone, with bands 

of ferruginous grit (the Kamthi iron bands) and compact red 
Hills near Uniparedipali. shale. Some pink and lilac shale also occurs. Here again the 

rocks have a strongly marked Kamtbi character. The general dip of the hills around this 

appears to be very low, not more than 2° or 3° to the eastward. About four miles south ol 

Pentium, on the road to Kistnavaram, in a nulla, a great thickness of the red purple and 

yellow compact shale is seen, dipping east or east-north-east. 

At the western end of the tank at Krishnavaram is some very calcareous rock-, apparently 

a schist strongly impregnated with carbonate of lime. This 

must he just outside the sandstone boundary which probably Near Krishnavaram. 

* This rock was seen and described by Voysey.—J. A. S. 11, p. 399. 
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runs through the tank. A hill oast of Kri&hnavaram (probably Kistnavaram), and another 

further south, are of precisely similar grit to that of which the other hills to the northward 

are formed. The dip is very slight, if there be any. 

From this to Vaimstir, five miles further south, there is undulating country with a sandy 

soil, through which no rock appears. At Rajerla metamorphic rocks occur in a well, and there 

is a hill of crystalline rock just east of Vaimsur, but (partly from want of time for more 

careful examination) no boundary was traced from near Kistnavaram to Chintalpiidi. Near 

this town metamorpliics appear rather more than a mile to the south on the road to Ellore, 

whilst at the town itself sandstone is seen in several wells. It is felspathic, and the colour is 

variegated. Thence the boundary makes a curve to the eastward (not examined), and then 

runs with a rather irregular outline for about ten miles to the westward south of Chatrai. 

Country near Cliatrai and Nuzed. 

Around Chatrai (Chataroye of map) the metamorpliics are well seen, and to the south of 

this the boundaries of the sandstone are fairly exposed. 

There is but little jungle, and the country is mostly open. . 

The bottom beds of the sandstono series are admirably seen in several places, for they rise 

into low, flat topped hills, the base of which are sometimes of metamorphic rocks, upon 

which the sedimentary formations are seen resting. This is the case at Kamakapetta north of 

Nuzed (Noozudoo or Noozeid of the map) and at Kavackarla to the south. Here the lowest 

beds of the sandstone consist of white, pink and brown felspathic grits, and hard dark 

reddish-brown ferruginous bands, more or less gritty and conglomeritic. A little further 

north, as on the bill near Somavaram, and throughout the rises east and south of Nuzed, 

similar beds are associated with variegated felspathic sandstono, fine, white argillaceous 

sandstone, and red and yellow hard compact shale. All these beds are typically Kamthi in 

their character, perhaps they resemble the beds at Sironcka more than those of Chanda 

and Nagpur, but they differ greatly from the Damudas of Liiigala and Madavaram. 

The dips are generally low, often nearly or quite horizontal, as in the hills west of 

Sepudi. The hills are depicted on the map of absurd height. 
Sandstones near NUzed. . , . ,, , „ , 

judging from the lull shading ; m reality they are low, flat 

topped rises, rarely exceeding 100 feet above the plain. The form as represented is also fre¬ 

quently inaccurate in detail. 

That the beds are KarntMs, and not of higher horizon as Panchets, is shown by the 

occurrence of Glossopteris, some leaves of which wero found in sandstone dug from a well 
close to Somavaram. 

The base of the sandstones is not seen everywhere, for instance, around the tank north 

of Somavaram and thence to the eastward, and there is of course a possibility of Damudas 

occurring in such places. Wherever the basement beds were seen however, they were 

Karathis, so far as could he inferred from their mineral character, and there was the usual 

wTant of carbonaceous shales and other indications of coal. 

The metamorpliics were not examined. Some limestone occurs in the crystalline 

Metamorpliics, limestone, &c. r°°ks both n0rtb and SOuth of Chatrai, (Chataroye) but 
it looks impure 

metamorphic rocks form fine masses of hills. 
West and south-west of Nuzed the 

Some iron furnaces at Chitapurn near Comanaram, and others subsequently seen are 

Iron furnaces. cylindrical, of greater bulk than usual, being about 4 feet 

in diameter and the same in height surmounted by a 

cylindrical chimney a foot or 18 inches in height. The ore is decomposed ferruginous stone 
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abounding in iron peroxide and probably derived indifferently from the surface of the 

sandstone and of the metamorphics. The blast is obtained from hand bellows of a larger 

size than usual, each worked by one man, two bellows to each furnace, the out-turn from 

each furnace appeared to be considerable, 60 or 70lbs. per diem from sunrise to sunset. It 

is refined by the same men, not sold in the impure state. 

The low rises south of Golapali are covered with the remains of old diggings, said to 

, . „ , have been diamond mines. I could not learn how long 
Old Diamond mines at Golapali. . . “ 

a time has elapsed since the works had been abandoned; 

an old man, at least 60 years of age, told me there had been no mining within his recollec¬ 

tion, and the pits have all fallen in, the whole country being covered over with thick bush 

jungle. The diggings appear not to have been in the sandstone itself, but in the very 

gravelly laterite which rests upon the sandstone, but the surface is so much broken and 

altered by the pits that it is difficult to say. The workings evidently cover a very consi¬ 

derable area, and are part of the old diamond mines of Golconda,* the ancient name of the 

hill range north of the Godavari and the adjoining country. 

Similar low flat topped hills of Kamthis extend across the country north of Ellore, 

becoming gradually less distinct to the eastward. The 
Rocks north of Ellore. , ® " . . , -T, , 

character ot the rocks is precisely the same as near Nuzed. 

South of the low rises, there is a belt, generally three or four miles broad, of undulating 

grounds, very sandy, and evidently derived from the waste of the sandstone, which is pro¬ 

bably but a short distance below the surface. Without closer examination it is difficult to 

say whether the sandstones can be sufficiently traced in this tract to justify the drawing of 

the alluvial boundary to the south of it, but probably they can. Thence to the sea all is 

believed to be flat alluvium. 

The hills scattered over the country north-east of Ellore appear to be a continuation of 

„ the same Kamthis. Hard ferruginous gritty hands are 
Country north-eaat of Elloro. , „ „ , ° ° . ,, 

common, and fragments ol them are conspicuous on the 

surface. In the hills near Kunlacherow, 16 miles north of Ellore, Vertebraria occurs in a 

grey compact hard stone, which appears to he calcareous. 

The hill just south of Tandkalpudl consists of fine hard variegated sandstone, with 

something of the peculiar vitreous character and conchoidal fracture, typical of particular 

bands in the Kamthi beds at Bokhara near Nagpur, the tank of Talaigaon, near Mangii, 

and on Malargar west of Chanda. The dip is to the east and very low, not exceeding 

2° or 3°. 

South-east of this there is much laterite stretching away to the borders of the sandy 

alluvium. As a rule, however, laterite is but poorly developed in this country, and there is 

no well marked belt of it along the edge of the alluvium as is the case to the northward in 

Orissa. 

On the hills east of Ragavapiliram there is a very low south-east or east-south-east dip 

of about 1° or 2°. Twelve miles further to the east-north-east, and north of Gopalapuram, 

the dip is south or south-south-east. The beds seen in the latter locality are very nearly 

the base of the scries, as metamorphics come in just north of them, and amongst the Kamthis 

a dark purplish sandstone of fine texture, highly ferruginous, ielspathic and slightly mica¬ 

ceous is well developed. The same is seen to a considerable extent in the bills to the north¬ 

east near Bimulii, also close to the boundary. On this rock there is often a coating of 

See Voysey, J. A. S. B., 18:33, p. 403; Newbcild, J. Jt. A. S., VII, p. 232. 
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hydrous iron peroxide, as on laterite. The sandstone hills were seen stretching away to the 

Godavari, south of Palavaram, hut were not further examined.* 

The hills west of Pangadi' consist principally of trap, overlaid in part by sandstone or 

Traps near Pangadi. conglomerate ; underlying sandstone only appears on their 

northern edge, close to Dudukur. The fossililerous lime¬ 

stone band is distinctly intertrappean, hut at a small height above the base of the 

volcanic rocks. The trap is fine grained and compact, decomposing into the usual soft earthy 

greenish rock. All around, so far as was seen, the country is covered with black cotton 

soD, and agate fragments are scattered about as in the Nagpur country. 

To the eastward the hills are thickly capped with ferruginous grit and conglomerate, 

precisely resembling that in the Kamthis and probably derived from their waste. This rock 

is well seen near Daicharla and south of the bungalow at Pangadi. In the latter place it 

consists of coarse white speckled felspathic sandstone yellowish-brown in colour with ferru¬ 

ginous hands. The trap can be of but little thickness, probably not more than 200 to 250 

feet. It is seen on the road from Pangadi to Bajamahendri and reappears north of the 

latter town, whilst the overlying sandstone appears to form the hills at Dowlaishwaram. 

The following papers relate to the Geology of the country near the Godavari 

Voysey, H. H.—Eeport on the Geology of Hydrahad, J. A. S., B., 1833, Yol. II, pp. 

298—305. 

„ Second Eeport on the Geology of Hydrahad, Hid., pp. 392—405. 

Walker, W.—Memoir on the coal found at Kotah, &c., with a note on the anthracite of 

Dumtimnapilly (H. H. the Nizam’s dominions) J. A. S., B., 1841, 
Vol. X, p. 341. 

„ » Eeport on Productions, &c., in the district of Hummnmkoondah in the 

dominions of II. II. the Nizam of 1 lyderabad, ibid., p. 386. 

„ ,, On the Geology, &c., of Hummumkoondah, ibid,, p. 471. 

„ „ On the Natural products about the Pundalah river, II. H. the Nizam’s 

territory, ibid., p. 509 and p. 725. 

Voysey, H. H.—Extracts from private journal, J. A. S., B., 1850, Vol. XIX, 189. (This 

does not refer to the Godavari country) and p. 269 (pp. 287— 

288 and 297—302). 

Wall, P. W.—Report on a reputed coal formation at Kota on the (Upper) Godavari 

river, Mad. Jour., Literature and Science, 1857, Vol. XVIII, 

p. 256. 

Walker, Dr. W.—Eeport on boring for coal at Kotah, Mad. Jour., Literature and Science, 

1857, Vol. XVII, p. 261. 

* I am informed that the sandstone is also found east of the Godavari in this direction. 
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Titles of Boohs. Donors. 

Adams, Arthur.—Monograph of Sphsenia, a genus of Lamellibranchiate Mollusca, 8vo. 

Adanson, M.—Description d’une nouvelle espece de Yer qui ronge les Bois des Vaisseaux, 

observee au Senegal, (1859,) 8vo. 

A list of Plates of the “Index Testaceologicus” with the Lamarckian names adapted to the 

figures in each plate, 8vo., London. 

Apenju General de la Collection Paleontologique van Breda, 8vo., Haarlem. 

Apothekee, R.—Yerzeichniss der in der Preuss. oberlausitz vorkommenden Land-und 

Wasser-mollusken, (1858,) 8vo. 

Baer, K. E. v.— Ueber ein neues project Austern-Banke an der Russischen Ostsee-Kiistes 

anzulegen und fiber den Salzgebalt der Ostsee, 1862, Svo., St. 

Petersburg. 

Baird, W.—Description of two species of shells collected by Dr. Lyall of H. M.’s Ship 

“Plumper,” at Vancouver Island, (1863,) 8vo. 

Barrande, Joachim.—Defense des colonies, IV, (1870,) 8vo., Paris. 

„ „ Tiilobites, (1871,) 8vo., Palis. The Author. 

Beudant, P. S.—Memoire sur la possibility de faire vivre des mollusques fluviatiles dans 

les eaux saldes, et des mollusques marins dans les eaux douces, 

consideree sous le rapport de la Gdologie, (1816,) 4to. 

Blainville, H. D. de. et Dumeril, M.—Rapport sur un Memoire de M. Duclos, ayant 

pour titre: “ Monographie du genre Cyprma,” (1832,) 8vo., Paris. 

Blainville, H. D. de.—Memoire sur le Genre Hyale, (1821), 4to. 

„ !> Memoire sur quelques Mollusques Pulmobranches, (1817,) 4to. 

„ „ Note sur l’organisation de l’animal de l’ampidlaire, 4to. 

„ „ Observations sur la difference de la coquille d’individus de sexes 

differens dans les Mollusques eephales, 4to. 

„ „ Sur l’animal de l’argonaute, (1817,) 4to. 

Blanchard, Emile.—Du Systifine Nerveux chez les invertebrds (Mollusques et Anneles) 

dans ses rapports avec la classification de ces animaux, (1849,) 

8vo., Paris. 

Boblaye, P. de. et Virlet, T.—Expedition Scientifique de Morde. Section des sciences 

Physiques, Vol. II, pt. 2, Geologie et Mineralogie. With plates. 

(1833), 4to., Paris. 

Bose, M.—Sur un nouveau genre de Vers intestinaux decouvert, decrit et dessine par M. J. 

Rhodes, (1819), 4to. 

Bosset, M. de.—Notice sur la presence temporaire do l’ophidium imberbe (Pierafer ou 

♦ Piorasfer) dans la cavite du corps d’une Holothurie Orangde de 

la Faune Pranqaise, (1834,) 4to., Nouchatcl. 

Beissow, M.—Observations sur nne espbcc de Limafon terrostre dont le sommet de la 

Coquille so trouve casse, sans qui (’animal ou souffre, 4to. 
1 
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Buschmann, Boch.—Observations sur l’accouplement des limaces, 8vo. 

Cat i, Li Am, F.—Proced6 employe par les Pliolades dans leur perforation, 8vo. 

Capellini, G.—La Storia Naturale dei Dintomi del Golfo della Spezia: Cenno Storico. 

(1865,) 8vo., Milano. 

Cephalopodes, Anatomie. Organisation du Poulpe, 8vo. 

Charpentier Toussaint de.—Libellulin® Europaj® Rescript® ae Depict®, (1840,) 4to., 

Lipsi®, 

Close, Rev. M. II.—Notes on the General Glaciation of Ireland, (1866,) 8vo. 

Cowton, Thomas—A knowledge of the Mineralogy of the Yorkshire Coast made easy to 

the young Mineralogist, (1867) 12mo. 

Credner, II.—Die Vorsilurischen Gebilde der oberen Halbinsel von Michigan in Nord- 

Amerika, (1869,) 8vo. 

Ceombie, Bev. James M.—The Geological Relations of the Alpine Flora of Great Britain, 

8vo. 

Ceosse, H.—Un Mollusque bien maltraite, (1866,) 8vo., Paris. 

Dawkins, W. Boyd.—-Early Antiquities in Portugal, 8vo., London. 

„ „ On the Pro-historic Mammalia of Great Britain, 8vo., London. 

Demidoef, Anatole de,—Voyage dans la Kussie meridionale et la Oi imee, Vol. I, (1840,)— 

IV, (1842,) with Atlas, (1840-1842,) 8vo., Paris. 

Duclos, P. L.—Description et classification Methodique de tontes les Especes des Coquilles 

Univalves Marines, Vivantes et a l’etat Possile, 8vo. 

Dupont, Edouaed.—Etude sur les Pouilles Scicntifiques executes pendant l'hiver de lSfiS- 

1866 dans les Cavernes des Bords de la Lesse, (1866,) 8vo., 

Bruxelles, 

„ „ Etude sur trois Cavernes do la Lesse explorees pendant les Mois de 

Mars et d’Avril, 1866, (1866,) 8vo., Bruxelles. 

Edwards, A. M.—Observations sur l’cxistcnce de divers Mollusques et Zoophytes, (1861,) 

8vo., Paris. 

EkmAN, H.—Ueber die automatische Undulation der Nebenkiemen einiger Bivalven, (1833), 

4to., Wien. 

Eeider, B. J.—De Halyotidum Structura: Dissertatio Inauguralis, (1811,) 4to., Halae. 

Ferussac, le Baron de.—Concordance Systematique pour les Mollusques terrestres et 

fluviatiles de la Grande-Bretagne; avec un aper<;u des travaux 

modernes des savans anglais sur les Mollusques, (1820,) 4to. 

„ „ Sur la Synonymie des Coquilles bivalves de l’Amerique Septen- 

trionale, et Essai d’une table de concordance a ce sujet, (1835,) 

8vo., Paris. 

Filippi, De. Ph. de.—Encore un mot sur la formation des perles, 8vo. 

Fonvielle, W. De.—L’Homme Eossile, Etude de Philosophie Zoologique, (1865,) 8vo., 

Paris. 

Feaveneld, G. R. U.—Ueber ein neues Hohlen-Carychium, (1862,) 8vo. 

Gaillon, Benjamin.—Essai sur les causes de la couleur verte que prennent les Huitres des 

pares a certaines epoques de l'annee, (1821,) 8vo. 
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Gervais, P. et VanBeneben, P. J.—Note sur les Malacozoaires du genre Sepiole, 8vo., 

Bruxelles. 

Gceppert, Dr. H. R.—tleber Einschliisse im Diamant, (1864,) 4to., Haarlexn. 

Godet, Paul.—Note sur les Anodontes du lac de Neuchatcl, (1862,) 8vo. 

Gould, De. A. A.—Catalogue of Shells of Lake Superior, with Descriptions of new species, 

8yo. 

Gray, J. E.—Some remarks on a paper of Dr. L. Pfeiffer, especially on the Clausium 

of Clausilia, (1840.) 8vo., London. 

Gros, G.—Note sur les Spermatophores de la Seiche (1848), 8vo., Moscow. 

Gruenewaldt, M. A.—De Petrefactis Formationis Calcareae Cupriferae in Silecia, 8vo., 

Beroliui. 

Guettard, M.—Observations qui peuvent servir a former quelqucs caracteres de Coquillages, 

(1756,) 4to. 

Gumbel, C. W.—Die Geognostischen Verhiiltnisse des Uhncr Cementmergels, (1871,) 8vo., 

Miinchen. 

Gumbel, G.—Yergleichung dor Foraminiferenfauna aus den Gosaumergeln und den Belem- 

nitellen-Schichten der Bayerischen Alpen, (1870,) 8vo. 

Gumbel, II.—Ueber den Riesvulkan und iiber vulkauische Erscheinungen im Rieskessel, 

8vo. 

Hague, F.—Ueber die natiirliche und kiinstliche Bildung der Perlen in China, 8vo. 

Haidinger, W. von.—Remarks on the Luminous, Thermal, and Acoustic Phenomena at¬ 

tending the fall of Meteorites, (1869,) 8vo., London. 

Hayes, M. le Chevalier Ltfebube des.—Notices concemant le Bamf-Marin, autrement 

nomme bfrte a kuit eeailles, ou Octovalve, (1787), 4to. 

Heatherington, A.—The Gold Yield of Nova Scotia. 1860-1869; (1870), 12mo., London. 

Herissant, M.—Eclaircissemens sur ^organisation jusqu’ici inconnue d’une quantite consi¬ 

derable de productions animales, principalement des Coquilles des 

Animaux, (1766,) 4to. 

IIochstetter, De. F. von., and Petermann, Dr. A.—The Geology of New Zealand, 

with Atlas of six plates (1864), 8vo. and 4to., Auckland. 

Hceven, J. Yan dee.—Contributions to the knowledge of the animal of Nautilus Poinpilius, 

(1850), 8vo., London. 

„ „ Eenige afwijkingen in den vorm van het hoofd, waargenomen 

bij een mannelijk voorwerp van Nautilus Poinpilius, 8vo. 

Hogberg, D. S.—Om nagra for Sverige nya arter och formforandringar af Landoch 1ns- 

jdsnaclcor, (1841,) 8vo. 

IIopkinson, John.—On British Graptolites (1869), 8vo. 

Howse, Richard.—Note on the right of priority of a Catalogue of Permian Fossils, pub¬ 

lished by the Tyneside Naturalists’ Field Club in New-castle, on 

* Thursday, August 17th 1848, 8vo. 

Index Musaei Linckiani, Yol. I, (1783,) II, (1785,) (1783-1785,) 8vo., Leipzig. 

Kickx, J.—Description de trois Limaces nouvelles pour la Faune Beige, 8vo., Bruxelles. 

Kienee, M. Louis.—Quelques observations sur le genre Litiope de M. rang, 8vo. 
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King, Clarence.—United. States Geological Exploration of the Fortieth Parallel. Mining 

Industry by James D. Hague, Yol. Ill, with Atlas of 37 plates, 

(1870), 4to., Washington. 

Kobelt, Dr. W.—Catalog der im europaischen Faunengebiet lebenden Binnenconchylien, 

(1871), 12mo., Cassel. 

Lacaze, Duthiers H.—Historie naturelle du Corail, (1864,) 8vo., Paris. 

Lamarck.—Genera of shells, (1823), 8vo., London, 

Langee, De. C.—Ueber das capillare Blutzefasssystem der Cephalopoden, (1850,) 8vo. 

Leichhardt, Ludwig.—Notes on the Geology of parts of New South Wales and Queens¬ 

land (1847), 12mo., Sydney. 

Lindstrom, G.—Om Brachiopodslagtet Trimerella, Billings, (1867,) 8vo., Copenhagen. 

Linnarsson, J. G. O.—On some Fossils found in the Eophyton Sandstone at Lugnas in 

Sweden (1869), 8vo., Stockholm. 

Lommel, J.—Verzeichniss einzelner Meeres-Slisswasser et Landconchylien sowie ganzer 

geordueter Sammlungen, (1862,) 8yo., Heidelberg. 

Loven, S.—Ueber die entwickelung von Chiton, (1856.) 8vo. 

Luynes, be Due. de.—Voyage d’Exploration a la Mer Mode, a Petra et sur la Hive 

Gauche du Jourdain, Liv. I, 4to., Paris. 

MacGowan, De.—Notice sur 1’usage dcs Perles in Chine, 8vo., Dijon. 

Marsh, 0. C.—Description of ancient Sepulchral Mound near Newark, Ohio (1866), 8vo., 

New Haven. 

Memoire sur l’organisation des parties par lesqnelles certains mollusques s’attachent saisissent 

leur proie, (1784,) 4to. 

M’Coy, Prof.—The Order and Plan of Creation (1870), 8vo., Melbourne. 

Meyer, H. A., und Mobius, Kabl.—Kurzer Ueberblick der in der Kieler Bucht von uns 

beobachteten Wirbellosen Thiere, (1862,) 8vo., Hamburg. 

Middendorff, De. A.—Sibirische Reise, Band I, theil I, Einleitung Klimatologie, Geog- 

nosie, Botanik, (1848,) 4to., St. Petersburg. 

Moquin, Tandon A.—Memoire sur l’organe de l’odorat chez les Gasteropodes terrestres et 

fluviatiles, 8vo., Toulouse. 

Moech, O. A. L.—Fortegnelse over Prof. R. af D. C. F. L. TIencks efterladte Concliy- 

liesamling, (1854.) 8vo., Copenhagen. 

„ „ Om Cranchia megalops, Prosch, 8vo. 

„ >, On the Genera of Mollusca established by H. F. Linck in the Catalogue 

of the Rostock Museum (1862), 8vo., London. 

„ „ On the Operculum and its Mantle (1865), 8vo., London. 

Moreen, Ch.—Nouvelles Remarques sur la Morphologie des Ascidies, 8vo., Bruxelles. 

Mourlon, Michel.—Esquisse Geologique sur le Maroc, (1870,) 8vo., Bruxelles. 

Muller, M.—Observations sur la reproduction des parties, et nommement de la Tete des 

Limacons a coquilles, (1778,) 4to. 

Museum Senckenbergianum, Band III, heft 1, (1839)— 3 (1845), 4to., Frankfurt am Main. 

Newberry, J. S.—The Geological Survey of Ohio, its progress in 1869. Report of an 

address delivered to the Legislature of Ohio, February 7th, 1870 

(1870), 8vo. 
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Notizen iiber den Minenbetrieb in Bolivien und den brasilianischen Mittel-Provinzen Matto 

Grosso und Goyaz im Gegensatze zu dern im Westen der Union, 

12mo., Berlin. 

Nyst, M. H.—Descriptions succinctes de dix Especes Nouvelles de Ccquilles Fossiles, 8vo., 

Bruxelles. 

„ „ Description succincte d’un Nouveau Mollusque Marin des Rives de 1’eseaut, 

8vo., Bruxelles, 

„ „ Notice sur deux Coquilles Nouvelles du Genre Crassatelle, 8vo., Bruxelles. 

Nyst, M. H.—Notice sur quelques reclierches Paleontologiques faites aux environs d’Anvers, 

8vo., Bruxelles. 

„ „ Notice sur une Coquille du Genre Cyrene, (1858-1859,) 8vo. 

„ „ Notice sur uno Nouvelle espeee de Pecten et observations sur le pecten 

Duwelsii, 8vo., Bruxelles. 

Old, R. 0.—Colorado: United States, America. Its History, Geography, and Mining 

(1869), 8vo., London. 

Oebigny, Charles de.—Description de trois nouvelles especes de Paludines fossiles, (1837,) 

8vo. 

„ „ Mollusquos, Paleontologie Universelle, 8vo. 

Oemerod, G. W.—On the traces of tin streaming in the vicinity of Chagford (1866), 8vo. 

Oested, A. S.—Forelobig Underretning om Dyret af en Art af Slaegten Pyrula, Lamk. 
1801, (1850,) 8vo. 

Owen, Richard.—On the anatomy of Clavagella, Lam. (1834), 4to. 

„ „ On the anatomy of the Brachiopoda of Cuvier, and more especially of 

the Genera Terebratula and Orbicida (1833), 4to. 

Page, David.—Geology as a branch of General Education—an address (1865), 8vo„ London. 

Peacock, R. A.—Physical and Historical Evidences of Vast Sinkings of Land on the North 

and West Coasts of France, and South-Western Coast of Eng¬ 

land, within the Historical Period (1868), 8vo., London. 

Pengelly, Wm.—On an accumulation of Shells with Human Industrial Remains (1865), 

8vo. 

» :j On the alleged occurrence of Hippopotamus major and Machairodus 

latidens in Kent’s Cavern, Torquay (1869), 8vo. 

!j » On the Lithodomous Perforations above the Sea Level in the Limestone 

Rocks in South-Eastern Devonshire (1866), 8vo. 

» » The antiquity of Man in the South-West of England (1867), 8vo. 

Pfeiffer, De. L. Descriptions of new species of Land Shells from Jamaica, collected by 

Mr. Gosse (1845), 8vo. 

Poey, Andbe. Bibliographie Cyclonique Catalogue sur les Ouragens et les Tempetes Cyclo- 

niques, 2nd Edit., (1866,) 8vo., Paris. 

Pumpelly, Raphael. Notice of an account of geological observations in China, Japan, 

and Mongolia (1866), 8vo., Philadelphia. 

Quenstedt, De. Fr. Aug.—Klar und Wahr, (1872,) 8vo., Tubingen. 

Ramdonck, De. Van. Sur des ossements fossiles trouves dans les environs de Saint 

Nicolas, 8vo., Bruxelles. 
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Recluz, M. C.—Note sur le Genre Splienia, Turton, (1858,) 8vo. 

Reeve, Lovell.—On a new species of Lymmca from Thibet, 8vo. 

Reinhaedt, J.—Om Sloegten Lithotryas Evne til at bore sig ind i Steenblokke, (1850,) 8vo. 

Roberts, G. E.—Remarks upon the Present Condition of Geological Science (1864), 8vo., 

London. 

Roberts, Isaac.—The Wells and Water of Liverpool (1869), 8vo., Liverpool. 

Rcemer, Peed.—Ueber Python Eidolons einc fossile Reisenschlange aus tertiarem kalks- 

chiefer von Kurni auf der Insel Euboea, (1870,) 8vo. 

Rome, J. L.—The Abbeville Jaw—an Episode in a Great Controversy (1864), 8vo., London. 

Rowley, G. D.—A Paper upon the Remains of Man and Extinct Mammalian Fauna, at 

Eynesbury, near St. Neots, Huntingdonshire (1866), 8vo., 

London. 

Sahuelson, James—Continuity in Civilisation, as illustrated by the connection between our 

own culture and that of the Ancient World (1869), 8vo., 

London. 

Sabs, M.—Zur Entwickelungsgeschichte der Mollusken und Zoophyten, 8vo. 

Saunders, Tbelawny.—A Sketch of the Mountains and River Basins of India (1870), 

Roy. 8vo., London. C. Markham, Esq. 

Saussaye, M. Petit de la.—De l’utilite do l’aquarium pour l’etude des mollusques, (1861,) 

8vo. 

Schalck, H. P.—De Ascidiarum structura, (1814,) 4to., Halae. 

Schmidt, Oscar.—Ueber das Korperehen in der Mikropyle dor Najadeneier, (1857,) 8vo. 

Scholtz, De. H.—Mollusques terrestres et llnviatiles de la Silosie, (1841,) 8vo. 

Schumacher, 0. P.—Auszug aus dem Essai d’unc nouveau Systeme des habitations des 

vers testaces, 4to. 

Scohy, De.—Sur une decouverte d’ ossements fossiles, 8vo., Bruxelles. 

Second Report of the British Association Committee for exploring Kent’s Cavern, Devonshire 

(1866), 8vo. 

Siebold, Dr. C. Th. von.—Ueber den Untersclihd der Sokalenbildung dor manulichen 

und weiblichen Anodonten, (1837,) 8vo. 

Slack, Henry J.—On some Recent Investigations into Minute Organisms (1871), 

8vo., London. 

Stevens, Edward T.—The Stone Period. A Paper read at the seventeenth annual meeting 

of the Wiltshire Archeological and Natural History Society 

of Wilton (1870), 8vo., Salisbury. 

Stimpson, De. Wm.—Malacozoological Notices, No. I, 8vo. 

Stoliczka, Feed.—Ueber heteromorphe Zellenbildungen bei Bryozoen, Coelophymia, Reuss, 
8vo. 

Suite des Extraites du Porte Feuille do I’abbfi Dicquemare, Faculte locomotive, etc., et 

Limaces de Mer la Palmifere, (1786,) 4to. 

Symonds, W. S.—Notes on a portion of the Matgorn-Yryeh Canawg, or the Horn Core 

of the Great Ox, 8vo. 
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Systeme de classification des Mollusques et des Anelides de M. Risso, 8vo., Paris. 

The Family of the Cowries, (Cyprandie), (1832,) 8vo. 

Ueber das Gebiss der Gattung Cancellaria, (18131,) 8vo., Bonn. 

Ueber die systematische Stellung der Gattung Solarium, (1861,) 8vo. 

VanBeneden, B. J.—Notice sur le soxe des Anodontes et la signification der spermato- 

zoaires, (1844,) 8vo., Bruxelles. 

Villa, Antonia.—Intorno tre opero di Malacologia del sig. Drouet di Troyes, (1856,) 8vo., 

Milano. 

Whitakee, Wm.—List of Works on the Geology, Mineralogy, and Palaeontology of 

Devonshire (1870), 8vo. 

White, J. C.—Queensland, the Progressive! An account of the colony, its soil, cli¬ 

mate, productions, and capabilities (1870), 8vo., London. 

Wounlich, Wilhelmus.—Dissertatio Anatomica de Helice Pomatia, Wirceburji, (1813,) 4to. 

Zoologie Descriptive. Les Mollusques, 8vo. 

Zoologie. Extraits de differentes lettres de M. A. Lesueur a MM. Desmarets et de Blaiu- 

ville, (1817,) 4to. 

Periodicals. 

American Journal of Conchology, Vol, VII, pt. I, (1870-71), 8vo., Philadelphia. 

American Journal of Science and Arts, 3rd Series, Vol. II, Nos. 8-10 (1871), 8vo., New 

Haven. 

Annales des Mines, 6th Series, Vol. XVIII, Liv. 4-6, (1870,) Vol. XIX, Liv. 1-2, (1871,) 

(1870-1871,) 8vo., Pans. L’administr. des Mines. 

Annales de Malacologie, Vol. I, (1870,) 8vo., Paris. 

Annals and Magazine of Natural History, 4th Series, Vol. VIII, Nos. 45-47 (1871), 8vo., 

London. 

Annals of the Lyceum of Natural History of New York, Vol. I, (1824,) IX, pts. 4-1, 

(1868) (1824-1868), 8vo., New York. 

Annual Report of the Geologists’ Association for 1870, 8vo. 

Geological Magazine, Vol. VIII, Nos. 9-11 (1871), 8vo., London. 

Hanley, Sylvanus, and Theobald.—Conohologia Indica, pt. 3, (1871,) 4to., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 2-5 

(1871), 4to., Bombay. Govebnment of India. 

Leonhard, G., and Geinitz, II. B.—Neues Jahrbucli fur Mineralogio, Geologie, and 

Palseontologie, Heft 5-7, (1871,) 8vo., Stuttgart. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLII, Nos. 279-281 (1871), 8vo„ London. 

Maetini und Chemnitz.—Systematisches Conchylien-Cabinet, Band X, pts. 202-206, 

(1871,) 4to., Niirnberg. 

Peteemann, De. A.—Geographisehe Mittheilungen, Band XVII., pts. 8-10, (1871,) 4to. 

Gotha. 
„ „ GeographiscJm Mittheilungen. Supplement, No. 29. Australien in 

1871, (1871,) 4to., Gotha. 
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Pfeiffer, Dr. Louis.—Malakozoologische Blatter, Band VIII, Bg. 4-10, (1871,) 8vo., 

Cassel. 

„ „ Novitates Conohologicse, Abbildung and Beschreibung Neuer Con- 

chylien, I, Abtb., Land-Conchylien, Lief 38, 4to., Cassel. 

Pictet, P. J.—Materiaux pour la paleontologie Suisse, 5th Series, Liv. 10-11, (1871,) 4to., 

Gendve et Bale. 

Quarterly Journal of Science, No. XXXII (1871), 8vo., London. 

Report of the Chief Commissioner of Mines for the Province of Nova Seotia for the year 

1869 (1870), 8vo., Halifax. 

Tboschel, Dr. P. H.—Archiv fur Naturgeschichte, Jahrgang XXXVI, Heft 5-6, (1870,) 

Jahrgang XXXVII, Heft 1, (1871,) (1870-1871,) 8vo., Berlin. 

GOVERNMENT SELECTIONS. 

Bengal.—-Report of the Revenue Survey Operations of the Lower Provinces from 1st 

October 1869 to 30th September 1870 (1871), Use., Calcutta. 

Government of Bengal. 

Bombay.—Report of the Sanitary Commissioner for Bombay, 1870 (1871), fisc., Bombay. 

Government of Bombay. 

British Burma.—British Burma, Judicial Department, (Police) Report on the Police 

Administration for 1870 (1871), 8vo., Rangoon. 

„ British Burma, Judicial Department, (Prisons) Report on the Prison 

Administration for 1870 (1871), 8vo., Rangoon. 

„ British Burma, Military Department (Marine), Report on the Light 

houses for 1870 (1871), 8vo., Rangoon. 

„ British Burma, Revenue Department, (Miscellaneous.) Revenue Report 

for 1869-70 (1871), 8vo., Rangoon. 

Chief Commissioner of British Burma. 

India.—Selections from the Records of the Government of India, Home Department, 

No. 83. Selections from the Reports of the Trigonometrical, 

Topographical, and Revenue Surveys of India for 1869-70 (1871), 

8vo., Calcutta. 

Government of India, Home Department. 

„ Cuningham, J. M.—Sixth and Seventh Annual Reports of the Sanitary Com¬ 

missioner with the Government of India, 1869 and 1870 (1870- 

1871), Use., Calcutta. Government of India. 

„ Hume, Allan.—Report on the Administration of the Inland Customs Department 

for the official year 1869-70. Appendices A to K (1871), fisc., 

Calcutta. Government of India. 

„ Walker, J. T., r. e.—Account of the Operations of the Great Trigonometrical 

Survey of India, Vol. I. The Standards of Measure and the 
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Base-Lines: also an introductory account of the Early Oper¬ 

ations of the Survey during 1800-1830 (1870), 4to., Dehra 

Doon. Government of India, 

Mysore.—Meade, R. J.—Report on the Administration of Coorg for the year 1870-71 

(1871), 8vo., Bangalore. Mysore Government. 

N. W. Provinces.—Carmichael, C. P.—Report on the Administration of the Police of 

the North-Western Provinces for 1870 (1871), flse., Allahabad. 

Government of N. W. Provinces. 

„ Henvey, Frederick.—A Narrative of the Drought and Famine 

which prevailed in the North-Western Provinces during 1868, 

1869, and 1870 (1871), Use., Allahabad. 

Government of N. W. Provinces. 

Port Blair.—Annual Report on the Settlement of Port Blair for the year 1870-71 (1871), 

8vo. Government of India. 

TRANSACTIONS, &c. 

Berlin.—Monatsbericht der konig. Preuss. akademie der Wissenschaften, June—August 

(1871), 8vo., Berlin. The Academy. 

Bruxelles.—Annales de la Soeiete Malacologique de Belgique, Vol. Y, (1870,) 8vo., 

Bruxelles. 

Calcutta.—Journal of the Agricultural and Horticultural Society of India, New Series, 

Yol. Ill, pt. 1 (1871), 8vo., Calcutta. The Society. 

„ Journal of the Asiatic Society of Bengal, Vol. XL, pt. I, No. 2 (1871), 8vo. 

Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 9—11 (1871), 8vo., Calcutta. 

The Society. 

Colombo.—Journal of the Ceylon Branch of the Asiatic Society, 1870-1871 (1871), 8vo., 

Colombo. Hugh Nevill, Esq., C. S. 

Copenhagen.—Oversigt over det kongelige danske Videnskabernes Selskabs Forhandlinger 

og dets Medlemmers Arbeider, No. 3, (1870,) No. 1, (1871,) 

(1870-1871,) 8vo., Copenhagen. Danish Academy. 

Florence.—Bolletino R. Comitato Geologico d’ltalia, Nos. 7—10, (1871,) 8vo., Florence. 

The Institute. 

Glasgow.—Proceedings of the Philosophical Society of Glasgow, Vol. VIII, No. 3 (1871), 

8vo., Glasgow. The Society. 

Gloucester.—Proceedings of the Cotteswold Naturalists’ Field Club for 1864 and 1869 

(1865 and 1870), 8vo., Gloucester. 

London.—British Museum, Gray, George R. Hand-List of Genera and Species of Birds, 

distinguishing those contained in the British Museum, pt. 11. 

Conirostres, Scansores, Columb®, and Gatlin® (1870), 8vo., 

London. Trustees of the British Museum. 

„ Gray, George R.—Hand-List of Genera and Species of Birds, distinguishing 

those contained in the British Museum, pt. III. Struthiones, 



38 Records of the Geological Survey of India. [ vol. v. 

Titles of Bootes. Donors. 

Grallae, and Anseres, with Indices of generic and specific names 

(1871), 8vo., London. Trustees of the British Museum. 

London.—Gbay, J. E.—A synoptical catalogue of the species of certain Tribes or Genera 

of Shells contained in the collection of the British Museum and 

the Author’s Cabinet; with descriptions of new species, 8vo., 

London. 

„ „ „ Catalogue of Monkeys, Lemurs, and Fruit-eating Bats in the collec¬ 

tion of the British Museum (1870), 8vo., London. 

Trustees of the British Museum. 

„ „ „ Supplement to the catalogue of Seals and Whales in the collection 

of the British Museum (1871), 8vo., London. 

Trustees of the Beitish Museum. 

„ Walker, F.—Catalogue of the specimens of Dermaptera Saltatoria in the collec¬ 

tion of the British Museum, pts. IY and V (1870 and 1871), 

8vo., London. Trustees of the British Museum. 

„ Journal of the Society of Arts, Yol. XVII, Nos. 846, 876, 878, 879, 880, and 881, 

(1869) Vol. XVIII, No. 896, (1870) (1869-1870), 8vo., London. 

The Society. 
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of the Society of Arts (1870), 8vo., London. The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXVII, pts. 2-4, 

Nos. 106,107 (1871), 8vo., London. The Society. 

Manchester.—Transactions of the Manchester Geological Society, Vol. V, Nos. 16, 17, 

(1865-1866) Vol. VI, Nos. 4-8, (1866-1867) Vol. VII, Nos. 1-8, 

(1807-1868) Vol. VUI, Nos. 2 and 4, (1868-1869) (1865-1869), 

8vo., Manchester. 

Mecklenburg.—Archiv des Bereins del- Freunde der Naturgesehichte in Meklenburg, 

Heft I, (1847,) XIX. (1865,) (1847-1865), 8vo., Neubrandenburg. 

Melbourne.'—Mineral Statistics of Victoria for the year 1870 (1871), fisc., Melbourne. 

Secretary Mining Department, Victoria. 

„ Reports of the Mining Surveyors and Registrars for quarter ending 31st 

March 1871 (1871), fisc., Melbourne. 

Secretary, Mining Department, Victoria. 

Penzance.—Transactions of the Royal Geological Society of Cornwall, Vol. VIII, pts. 1-2 
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Philadelphia.—Journal of the Franklin Institute, 3rd Series, Vol. LXI, No. 6 (1871), 

Vol. LXII, No. 4, 1871 (1871), 8vo., Philadelphia. 
The Institute. 

Proceedings of the American Philosophical Society, Vol. XII, No. 86 
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Vienna.—Jahrbuch der K. K. Geologischen Reichsanstalt, Band XXI, Ho. 2, (1871,) 8vo., 

Vienna. The Institute. 

Verhandlungen der K. Iv. Geologischen Reichsanstalt, Nos. 7-10, (1871,) 8vo., 

Vienna. The Institute, 

Washington.—Smithsonian miscellaneous collections. Check List of the Shells of North 
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8vo., Wellington. 
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Geological Sketch-map of the Parish of Beechworth (1871), Melbourne. 

Seceetaey, Mining Department, Victoeia. 

January 6th, 1872. 
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Note on the Geological formations seen along the coasts of Biujchistan and 

Persia from Karachi to the head of the Persian Gitlf, and on some of the 

Gulf Islands, hy William T. Blanford, A.B. S.M., P. G. S., Deputy Superin¬ 

tendent, Geological Survey of India. 

The coasts of India, so far as the geology is concerned, may be now said to be fairly 

known, but hitherto, so far as I am aware,* very little, if any, information has been published 

concerning the rocks seen on the coasts of the Gulf of ‘Oman’ and the Persian Gulf. 

Through the labours of Dr. Carter,f we have a fair knowledge of several points on the 

south-east coast of Arabia, but the only port visited hy him eastward of Bus el Had, the 

south-eastern corner of the Arabian peninsula, was Maslcat. Dr. Cook has given descriptions 

of the country around Ivhelat, and several other parts of Biluchistan, but he did not examine 

the coast, and Eastern Pei'sia is almost a terra incognita even to geographers. 

Through the kindness of Mr. II. Walton, Director of the Makran Coast and Persian 

Gulf Telegraph, I have had an opportunity of accompanying him in his tour of inspection 

of the telegraph offices along the Biluchistan (or, as it is more commonly called, Makran) and 

Persian coasts,* and of visiting and briefly examining several points of interest, besides 

the neighbourhood of the various telegraph stations. From the steamer, whilst passing 

along the coast, the greater portion of the rocks forming the utterly barren hills have 

been sufficiently well seen to enable them to ho recognised as belonging to the same pecu¬ 

liar formation which I examined at Bus Malan, Ilormara, Gwadar, Chur bar, and Jashk, 

east of the entrance to the Persian Gulf, and which I believe to he the same as that which 

I found on the islands of Kisbm and Hanjam in the south-eastern part of the Persian 

Gulf, and on Kharak Island near Buskehr. The mountains behind Bandar Abbas and 

Linga on the north-east coast of the gulf are composed of rocks so much resembling in 

appearance those of the Makran Coast that l think it probable, with the exception of a 

peculiar salt formation in Hormuz and the neighbouring islands to he presently described, 

* This paper being written away from books of reference, I may have overlooked some previously published 
description of parts of the Makran or Persian Coast. It is probable that brief notices of tbe rocks occur in some 
of the geographical papers on the shores of tire Persian Gulf. 

t Jour. Bom. Be. R. A. S., Vol. IV, p. 21, and Geol. Papers on West Iud„ p. 551. 

$ I take this opportunity of expressing the very great obligations 1 am under to Mr. Walton for the facilities 
afforded to mo for examining tlie different places on tire shore, at some of which he stopped solely for the purpose 
of enabling me to visit them; aud I am equally indebted to Captain Bishop, Commanding 1L M. S. Amberwi'lck, for 
assistance of all kiuds, the use of boats whenever I wanted them, and especially for aid in dredging. 
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that the whole Biluchistan and Persian Coast from near Cape Monze to Bushehr, a dis¬ 

tance of over 1,100 miles, and the islands lying off it, consists of the same group of rocks. 

This group, which is of tertiary age and newer than the nummulitic series, may con¬ 

veniently he named .the Makran group. 

The salt formation in Hormuz and other places in the neighbourhood is far more 

ancient. Singularly enough, no nummulitic rocks are known to come down to the coast 

throughout the area described, although Cape Monze near Karachi consists entirely of them, 

and I learn from Major St. John that they form the second range of hills inland of Bushehr, 

between that port and Shiraz, and thence extend far to the southward, perhaps nearly or 

quite reaching the shores of the gulf near Eas Mutaf. The only other formation observed 

on the coast is the sub-recent shelly limestone or calcareous grit, identical with that 

found on the western coasts of India and known at Bombay as “littoral concrete” or 

“ shell concrete.” There are thus, in descending order, so far as I have seen, three distinct 

systems of rocks exposed on the Makran and Persian coasts; these are, in descending order: 

1, littoral concrete (sub-recent); 2, Makran group (post-nummulitic); 3, Hormuz salt for¬ 

mation (of unknown age). I shall describe each briefly, premising that the Makran group 

is the prevailing formation throughout the coast, the other groups being merely local. 

Hormuz salt formation.—The island of Hormuz, once the centre of the trade between 

India and Europe, is one of the most singular places on the surface of the earth. Except 

at a few spots on the sea shore, it is destitute of vegetation, and consists of a mass of 

craggy hills of singularly confused forms, but of small elevation, with very few peaks rising 

above the general level, and of brilliant colours, scarlet and purple predominating. One 

peak, a little above the rest, is of pure white, as if covered by snow, and some valleys on the 

westward side of the island are equally filled with a white mass, suggestive of glaciers. 

Other peaks aro black. 

In the portion of the island south of the old Portuguese Port, which I examined, the 

mass of the hills consist of rock salt, more or less pure, frequently mixed with a reddish 

earth. Beds of volcanic origin, dolerites and trachytes, some of them much decomposed, are 

associated with the salt, and some shales and sandy beds aro also interstratified. All 

apparently belong to the same series, but the rocks aro much disturbed, beds of salt and 

volcanic bands alike dipping at high angles. At the spot examined by me the average dip 

is about 50° to the north-east. On the opposite side of the island, the strike appeared to 

be nearly the same, but the dip is reversed. 

Micaceous iron in abundance is associated with the salt, and I found crystalline masses 

of anhydrite, and peculiar isolated crystals of carbonate of lime. I had not time to visit 

the white peak, but I have been assured that it consists of salt. 

In the Island of Hanjam, salt-rocks crop out, every here and there, from beneath the 

Makran group. They may always be recognised by the surface having fallen in through 

the washing away of tho salt, and the consequent formation of peculiar largo crateriform 

hollows. Upon the beds of the salt series the tertiary rocks of the Makrdn group, or at 

least beds which I believe to belong to that group, are seen resting quite unconformably. 

The same unconformity is seen in the large island of Kishin or Jezirak at Tawilah, in 

which are several outcrops of the salt series, easily recognised, even at a distance, by their 

red colour and irregular craggy surface, the latter due to their being so largely composed of 

soluble rock salt. Towards the northern end of the island, at a spot which I visited, there 

are some largo salt caves dug in a bed of very pure rock salt, from which considerable 

quantities of the mineral arc removed for export. 
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I found a small outcrop of the Hormuz rocks on the island of Tumb. The only place 

on the main land of Persia at which I recognised the existence of this formation was at 

Ras Bostanah, north of Linga. I did not land, but the Commander of the Amberwitch, 

Captain Bishop, took the steamer as close to the shore as he could with safety, in order to 

enable me to see the rocks, and their appearance and surface were characteristic of the salt 

series. 

I can form no conception of the age of these salt beds: they are much disturbed, but 

beyond the fact of their being much older than the Makran group, there is nothing to 

indicate their geological relations. They appear to be unfossilifcrous. 

Makrtin group of beds.—Cape Monze on the western frontier of Sindh consists entirely 

of nummulitic rocks, chiefly limestone. Farther to the westward, the beds near the coast 

have an appearance entirely different from that presented by the nummulitics, the distinction 

being so great that it may be recognised at a distance of many miles. The prevailing rock 

along the Makran Coast is a pale grey clay, more or less indurated, occasionally intersected 

by veins of gypsum, usually sandy, and often calcareous, occurring in beds of great thick¬ 

ness. With this clay are interstratiiied bands of shelly limestone, calcareous grit, and 

sandstone, but these usually form but a small portion of the mass, although their greater 

hardness makes them conspicuous at the surface. In all sea cliffs and inland scarps the 

clay is well exposed; thus the magnificent cliff, nearly 2,000 feet high, at Ras Malan, is 

almost entirely composed of it. From its softness, it disintegrates rapidly, and the usual 

features of the scenery are peculiar and characteristic. Where the rocks of the Makran 

group are horizontal or slightly inclined, the hills near the coast, as at Ras Malan, Hormara 

and Grwadar, are more or less flat-topped, the upper surface composed of one of the hard 

calcareous beds, which are usually dark coloured or become so where exposed, forming a 

stony plain, often broken up by ravines. Hero and there, especially if the harder beds are 

few in number, isolated blocks of fantastic form stand up above the general level of the 

hills, precisely as in the horizontal traps of the western ghats, although the pale, almost 

white colour of the Makran clays gives them a very different aspect from that of the black 

basalts. The scar'ps around the hills are white or grey clay cliffs, often much concealed by 

the dark coloured debris of the calcareous bands. 

Where, on the other hand, as is sometimes the case,—e. </., near Jashk and some 

miles east of Hinglaj,—the rocks of the Makran group dip at considerable angles, the hills 

formed of them assume a very serrated appearance in consequence of the rapid washing 

away of the clays and the prominence given to the harder bands. Although this appear¬ 

ance is peculiar, it is less characteristic than that of the flat or nearly flat-topped hills 

surrounded by pale coloured cliffs. 

Locally, a peculiar appearance is produced by vertical veins of gypsum standing ujr 

in the clays, but this does not appear to be common. 

The “mud volcanoes” of the Makran Coast have long been known: they are numerous 

and those seeu by me at Chaudrakup appear to consist of the characteristic clay of the 

Makran group, which being mixed with salt water, is ejected by means of gas, and dries 

into cones. 

Fossils of Makran group.—The Makran beds are evidently of marine origin. They 

are usually highly fossiliferous, the most abundant fossils being species of Ostrea, Pecten, 

and JBalanm. Bivalve MoUusca, especially forms of Area (several species), Card him, Larina, 

and species of the family Veneridie, Sfc., abound, but very often only occur as casts ; Gastero¬ 

poda, though far from scarce, are less common, forms of Cerithium, Turritella, and Nation 
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'being perhaps the most prevalent. No Braehiopoda or Cephalopoda have been noticed. 

JEchinodermata appear far from scarce; corals also occur, but in no great abundance, whilst 

Forammifera, although common, are chiefly represented by minute species, the only 

abundant form observed of frequent occurrence, which is not of very small size, being an 

OpercuHna. If any fossil character can be selected as distinctive of the formation in 

general, it is, I think, the frequent occurrence of the cirripede Balani. 

It must be borne in mind that all remarks upon the fossils of the group are founded 

on very few and scattered observations, and that any conclusions now drawn may require 

modification when the rocks are farther examined. Still I think it may be safely stated that 

the fauna differs entirely from that of the nummulitic rocks. Only a small minority of 

the fossils oh fined can be identified with the species figured in D’Archiae and Haime s 

“Animaux Fossilos du Gfroupe Nummulitique do l’lndes” and, of these, it remains to he 

seen whether all really occur iu the nummulitic series, for it has long been suspected that 

some of the species figured by the distinguished French geologists are derived from a higher 

group than the true nummulities. Tho general facies of the Makran fauna is utterly 

different from that of tho lower tertiaries; the commonest and most characteristic fossils of 

tho nummulities are Forammifera, especially Nummulites and Alvcolinee; the most 

abundant shells in the Makran group are barnacles, oysters and scallops. No junction of 

the two series has hitherto been observed, hut it may he safely asserted that the Makran 

group is newer than the nummulities, for while the fauna of the latter appears to he nearly, 

or entirely extinct, at all events iu the shallow seas near the coast, several of the Makran 

fossils appear identical with species found living, in water of moderate depth, along the shores 

of Biliichistan and the Persian Gulf.* 

It is possible that the Makran group represents tho Milliolitic deposits of Kathiawar 

and the south-east coast of Arabia. Some of the calcareous hands of the former have very 

much the appearance of “ Porbunder stone,” and seem to consist, like it, of the casts of 

minute Forammifera. 

Bersian Coast of the Gulf.\ and the neighbouring islands.—It must he borne in mind 

that, whilst I have little doubts as to the identity of the formations ou the Makran seaboard 

from near Somiani to Jashk, my suggestion that the beds seen along the north-east coast 

of the Persian Gulf belong to the same group rests chiefly upon their appearance 

from a distance, a very imperfect guide, and one upon which I only hazard an 

opinion because the rocks have a very peculiar appearance. The only places, where I 

examined the rocks, were in the islands Haiijam,t Tumb and Kbarak. At the first named, 

the beds closely resemble some of the Makran group, hut the pale clay is in com¬ 

parative^ thin beds and highly calcareous, so as to form a hard compact rock. Of fossils 

besides the characteristic oysters, pectens and barnacles, a Cidaris occurs with very 

peculiar spines, which are scattered in great numbers throughout one bed in the valley behind 

the telegraph station. The spines vary so greatly that scarcely any two are identical 

in form, all have the terminations expanded, and either flattened or cup-shaped, with 

numerous fingcv-lilce processes from the end. 

At Tumb, nearly the whole island is covered with subreeent littoral concrete. Beneath 

this clays are here and there seen, which very probably belong to the Makran group. 

* By the assistance of Captain Bishop, I have been able to collect witli the dredge a considerable number of 

the Mollusea inhabiting the sea bottom. These will doubtless aid in making out the relations of the Makran beds. 

t Henjam, Ilenkani and Angnm of various writers. 
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The island of Kharak* near Bushehr consists of rooks precisely like those of Ilanjam. 

Littoral concrete covers the level ground near the coast; from beneath it rise thick whitish 

grey beds of fine argillaceous limestone, or very calcareous clay, capped by coarse dark 

coloured gritty limestone. Except that the clay is more calcareous, there is no difference in 

mineral character between these rocks and those seen at Has Makln, Gwadar and Jashk. 

Fossils abound on Ivharak, and again the most abundant arc species of Ostrca, Pecten 

and Balanus. More careful comparison than I have had time for hitherto is necessary in 

order to ascertain whether the species are identical with those of the Makrau Coast, but I 

think they are, and if any of them are not the same, they are certainly closely allied. With 

these occur two species of Spondylus and several Echinoderms, amongst which the principal 

are two kinds of Clypeaster, a Scutella and an Echinus. One form of Clypeaster is near 

C. Halaensis, D’Archiac and Haime; all the other fossils appear to be distinct from those 

figured in the “Animaux Fossiles du Group Xummulitique de Tlude” The Palanus may 

certainly be B. mbltevis, but the difficulty of comparing fossil Balanidce is well known. 

Littoral concrete.—This is an impure loose textured limestone, abounding in shells, 

casts of shells, and corals of very late tertiary or subrecent date. The majority and perhaps 

all of the shells found in it are identical with those now common on the coast. It 

frequently resembles in texture the well known Calcaire Grassier of the Paris basin, 

and, like that rock, is an excellent building stone, indeed several of the towns on the Persian 

Coast, e. g., Bushehr, are built of it. It usually occupies flat or nearly flat ground close to 

the shore, and but little raised above the level of the sea, and it is, doubtless, in many 

instances, simply a raised coral reef. 

This formation occurs on the western eoasts of India here and there, as far south as 

Bombay at all events. I did not notice it at the points visited on the Biliichistan coast, 

though I am disposed to believe that it is represented near Gwadar by a rather argillaceous 

bed, of which I have seen fragments abounding in shells. At Jashk on the Persian Coast 

of the Gulf of ’Omdn, it is well developed, and forms a low cliff about 20 feet high. I 

found it on the east side of Hormuz, on Hanjdm and Kishm islands, aud the greater part 

of the surface of Tumb island appears to be formed of it, it being here, if I am right in the 

identification, raised much higher above the sea than usual, and slightly disturbed. Bushehr 

is built upon it, and tho eastern side of Ivharak island is composed of it. In the last named 

locality the island is partly surrounded by a “ fringiug” coral reef, so that the similarity of 

the raised reef forming the “ littoral concrete” and that now existing around the island is 

striking. 

Tho chief geological interest attaching to this formation is derived from the evidence 

it affords of recent elevation of land. Beasons will be given in another paper for believing 

that in this respect the western shore of the Gulf of ’Oman differs from the eastern. 

Camp Gwadar, BUucMstan, January, 1872. 

* Kharg, Karack, Kliarij, Ac., of various maps. The names in the Gulf are mostly Arabic, aud I am informed 

that where the Arabs use j, the Persians employ k. Thus Kharak or Kliarij, HaDjam or Ilenkam. 
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Inhabitants belong to ** Koi” tribe. 

Notes on a traverse of farts of the Kummummet and Hanamconda Districts in 

the Nizams Dominions, by William King, B.A., Deputy Superintendent, Geolo¬ 
gical Survey of India. 

The country referred to in these notes is a moderately elevated and rather thickly jungle- 

_ , ... . ,, , , . covered tract to the westward of the Godavery river, and 
Country bordering right bank of , . J ’ 

Godavery. generally along, but to tne south of, the 18th parallel 

of north Latitude. 

That part of the tract adjacent to the right bank of the Godavery has been already 

Already referred to in Records. referred to by my colleague Mr. W. T. Blanford.* 

A path traverses the region in a general west-north-west direction from Paluncha in 

Observations mostly made along Kummumct, to Narsimpet in the Pakhal talook some 
path from Palnncha to Narsimpet. thirty miles east of Hanamconda; and it was along this 

route that my observations were made, for except around the few villages, up some side 

paths, or in the dry water-courses, it is, at present, almost impossible to see anything of the 

country owing to the prevalence of thin tree jungle and undergrowth. 

The few people who inhabit this country are of the “ Koi” tribe, which is at present 

more generally confined to the Bastar Territory to the east 

of the Godavery. 

I took up the further examination of this country at Paliincha, in the neighbourhood 

of which place Mr. Blanford had been last season. 

Paluncha is on the coarse sandstones of the ICamthi sub-group already described by 

Mr. Blanford as extending thence down to Ellore in the 

Godavery District. These rocks, however, only extend 

a little distance from the village; and the path to Yellambile passes on to rocks of the 

“Crystalline series,” gneiss of different kinds showing at 

rare intervals out of tho superficial deposits covering the 

low-lying and slightly uneven country. 

Near the crossing of the Kinnersammi Vagri, or a short distance higher up the river, 

thero is a good display of rocks which are not so clearly 

of the gneiss series as those already passed over; and 

these are found to be associated with highly altered quartzites forming the low hill ridges 

lying to the west and north of Yellambile and continuing northwards into the lofty group of 

hills lying between the villages of Sfunderkheil, Oolavanoor, Mullawarum, and Mamla. 

Mr. Blanford has noted (on his working map) that part of this range may be of Vindhy- 

an rocks. The southern flanks, at any rate,' are made up of 

quartzites, slates, and schistose beds, which though they 

have a much more highly altered character than the generality of the Yindhyans, are still 

not sufficiently metamorphosed to be included in the gneiss series. Occasionally, it is true, 

some of the quartzites and schists are remarkably like ordinary well-laminated gneiss; but 

the general aspect of the series is decidedly more Vindhyan in its character. 

The series forms a distinct belt of rocks, having a north-north-east south-south-west 

Belt of Sub-crystallines between strike> between Yellambile and Koyergoodiumf (some 9 
Yellambile and Koyergoodium. miles north-west) difficult to be defined by good boundaries 

Kamthi Sandstones. 

Crystallines. 

Snb-crystallines at Yellambile. 

Oolavanoor range, of Vindhyans as 
well as Sub-crystallines. 

* Records of the Geological Survey of India, Vol. IV, parts 2, 3 and 4. 

t As a rule, the names of places as they arc given in the sheets of the Indian Atlas, are adhered to in this 

paper when they are found to agree with the names given by the people. In the region under description the 

people say goodium or perhaps goodyim; I have never heard ‘ goodum,’ or gudem. 



47 PART II.] King : Parts of Nizam’s dominions. 

from the gneiss between it and the Godavery, but still separable by constitution and 

general facies. 

I have (in previous years) already observed a small patch of like rooks on the eastern 

Same series in Bellary and Nellore 0(]ge °f Bellary District, just underneath the western 
Districts. scarps of the Poll Conda range of bills, south-south-east 

of the Ckittrawutty river as it enters the Kadapak District. Here, they are quite distinct 

from the adjacent granitoid gneiss and the superincumbent Yindhyan quartzites. Again, 

on the western edge of the Nellore District, south of the Pennair, there is an extensive 

belt of similar rocks which I have doubtfully mapped for the present among the Vindhyans 

of that part of the country. 

Close to Ycllambile, however, the series is rendered extremely interesting from its in- 

At Yellambile, includes limestones eluding numerous beds of grey limestone which show to the 
with Eozouo'id structure. unassisted eye a structure, or arrangement and constitution 

of the lamina;, exceedingly like that of the Nozoon Canadense of still unsettled origin. 

A short distance (some 500 yards or so) north of the village, there are several beds of 

limestone cropping up in the jungle, on either side of the path to Munderkheil. They 

are striking about east by north, west by south, and aro either vertical or dipping at high 

angles north, or south; while they arc traceable to the northward for some short distance, 

and southwards as far as Gutmulla. Bulges and bands of highly altered and crushed quart¬ 

zites run between the bands of limestone strata. 

Again, some 8 or 9 miles north-west, at the villages of Bungarchilka and Ivoyergoodium, 

there is a further exhibition of limestone beds of the same 

Also at Bungarcliilka. kind; but they do not show the Eozoonoid structure so 

plainly. 

Generally, the beds are of pale (weathering darker) grey and white laminated sub¬ 

crystalline (not saccbariue or granular) limestone; the 

lamina; running easy or parallel with the strike. This, for 

instance, is the style of the beds nearest to Yellambile; but almost immediately north there are 

other beds forming a broad belt traceable south-west almost to the Bannersammi Vagu, which 

are not simply laminated but have their layers of different matter arranged in waving and 

undulating lines, rapid contortions, lenticular masses with enveloping laminae, and knots of 

all forms. The undulations are equally various on surfaces across, or with the strike. 

The harder lamime, still soft enough however to be scrached with a knife, stand out 

well on weathered surfaces; and they appear to consist of some form of Pyroxene, and are 

generally of a grey or greyish-green color, and again at times quite white. Somo of the 

laminae are occasionally of a more decided green color, and they then are possibly serpentin• 

oas, but this is rare. They are equally unaffected by acid on fresh or exposed surfaces. 

The outstanding layers are also themselves finely laminated; and as they widen out 

often to half an inch or more, they assume a granular form, and are occasionally fringed on 

one edge. A number of such layers often run together and thus make up a broad seam of 

irregular laminar-granular structure. 

Though not a particularly bright-colored rock, it still shows these characters on half 

polished surfaces (I could only grind them down so far in camp), and they are then if 

anything more 'Eozoon-like. 

Much of this limestone is more or less micaceous, and is then somewhat schistose; but 

neither the direction of the schistose surfaces, nor yet the cleavage which is also exhibited 

Aspect of limestones. 
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of the quartzite ridge north-west of the village, and then 

Kamtliis again. 

To Arlapully. 

have anything to do with this lamination which appears to be as distinctly sedimentary 

as the lamination in any ordinary aqueous rock. 

This existence or not of Eozoonal structure must now rest on that closer examination 

of the rock specimens which could not bo made in the field. 

Prom Ye.llambile the path runs north-west to Bungarchilka. Thence, after going 

Continuation of route past Bun- nortt for a or so, it passes round the northern end 
garchilka. 

enters on Kamthi sandstones. 

These are lying in easy undulations, or nearly flat, possibly with a general dip of 

from 5°—10° north, or north-eastward. They cannot be of 

much thickness between their eastern edge near Bungar¬ 

chilka and the village of Arlapully, the next place of any size on the road; but they attain 

a much greater thickness in some ridges and high hills to 

the north, on whose steeper slopes the linos of out-crop 

of the beds are very well displayed. 

Arlapully is noticed* by Mr. Blanford as a place where some fragments of coal had 

been found. I did not know this until some time after having left the village, or a closer 

Change in sandstones beyond Aria- examination might have made. However, in the next 
llulh- march, viz., from Arlapully to Goondal or Goondala (some 

10 or 12 miles west north-west), there is a gradual change in the appearance and character 

of the sandstones, even in the rare cases in which they are exposed to view. 

These become rather paler-colored, less coarse and tufaceous in their texture and full 

of iron concretions, when they are indeed very like the 

Barakar sandstones of Lingala and Madaveram on the 

Godavery. 

The path from Arlapully crosses the Kinnersammi Yagu at the confluence of the 

Jaleru (from the north), and then it keeps pretty close alongside the right bank of the 

main stream until it again crosses the river just before passing through the village of 

Mootapooram. 

At this crossing there is a good display of thick-bedded grey and yellow sandstones, 

some of them rather fine-grained and not unlike Barakars ; 

indeed, from the fact of the beds undulating so easily and 

there being an evident general dip of low degree to the cast and north, throughout the 

Kamtliis up to this, it is highly probable that these pale beds arc really of the lower series. 

The above is what I noted at the time of passing the place. Since then I have seen 

the coal area north of Kamarum, to be described further on, 
Possibly Co.il rocks. and I am still of opinion that at Mootapooram or close by, 

we have true Barakars, and it is at this village until the bed of the Kinnersammi V;igu 

has been examined more closely that trial borings might be put down with advantage, if it 

ever become necessary to search for coal in this wild region. 

The beds are rolling about easily with a dip of 5° or 6°, about north-west, 

though it is difficult to say what is the true direction of 

the dip in such irregular beds as these are. 

Barakars. 

At Mootapooram. 

Easy lie. 

* Records, Geological Survey of India, Vol. IV, Part 3, p. 82. 
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To Goondala, near edge of Kamthis. 

Barakars not seen. 

It is even possible that a seam of coal may show in the place where the large 

Perhaps a seam of coal at crossing pool of water lies at the crossing; for, I found that the pools 
of kinnersammi Vagu. of water on tpe coai area 0f Kamarum* are all lying on 

the seams, or close by. 

That we are near the bottom of the Kamthis, if not below them altogether, at Moota- 

pooram, is soon evidenced, for the large village of Goondala, 

about 4 or 5 miles further wost north-west, is quite close 

to Yindhyan slates and quartzites. These form the main hill range, a mile or more south¬ 

west of Goondala; and a low plateau ridge, immediately wost south-west, is made up of 

coarse, ferruginous, dark-colored Kamthi sandstones. 

No trace of Barakars was seen in this neighbourhood, little rock being visible in the 

open Hat country around. My examination was however 

veiy brief and superficial, as owing to the dryness of the 

season, I was hurrying on to examine the Kamarum field before all the water in the pools 

should be dried up. 

Goondala is the only village proper on the route; there is a bazaar, &c., and the inhabit¬ 

ants are not exclusively “ Kois,” as is nearly always the case with the other villages, except 

Arlapully, where also there is a mixed population. 

Continuing westward from this for a couple of miles, there are a few villages, among 

them Lingoogooram or Lingoogoodium, all of which are just 
Boundary between two Talooks. ,, , , , ,, . , , . T , , , . 

on the boundary between the talooks ot Nandyconda (just 

traversed) and that of Pakhtil to the west. 

A short distance beyond Lingoogoodium, there is a small hill of Kamthi sandstones 

round which a stream flows ; after crossing this and another 

wider one, which may be the Kinnersammi, the path begins 

vindhyans. to ascend, and then crosses a low ridge of Yindhyan slates. 

No more Kamthis are to be seen for 10 or 12 miles to the west; their general south¬ 

western edge trends northwards past the small hill west of Lingoogoodium. 

The path now runs through a rather wilder country, still covered with tree, jungle, and 

coarse grass. The general elevation is about 1,000 feet above 
Elevated and wild country. the sga) the surface of the country is rather rugged with 

low ridges. It is impossible (unless clearings were made) to get a view anywhere to give one 

a fair idea of position. I got on one small hill which gave a view over a country of appa¬ 

rently endless tree jungle unbroken by any distinct feature, 
To Kamdrum. ^he long range of Vindhyans to the south-west of Goondala 

being only recognizable. Two or three paths cross this waste of jungle to Kamarum ; that 

followed by me was reported to be the best. It is a mere track occasionally worn into two 

ruts by the wood-cutters’ carts, and much intruded on by trees, so that my packages on the 

camel’s back were much torn and rubbed. Otherwise, there are no difficulties or even 

dangers.! 

Kamtliis cease near Lingoogoodium. 

* The fragments of coal said to have been found at Arlapully, could not have come down from the Kamarum 

field, as there is a high water shed between the two places. Kamarum fragments might turn up above Mungumpett, 

on tlio Godavery. 

t The route, as given in Colonel F. H. Scott’s Koute Book, is described as rather ragged and dangerous ; but 

this description is of many years ago. However, it is not a path to be travelled during the night time. 
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Tlie rocks are generally reddish and brown earthy elay-slates and a few beds of quart¬ 

zite sandstone of the Vindhyans, not at all unlike those of 

parts of the North Arcot and Cuddapah districts traversed 

by the north-west line of the Madras Eailway. 

Kamarum, in the Pakhal talook, is a poor village* in the midst of about the wildest 

part of this jungle-covered region. It is supposed to be the 

nearest convenient village to the coal locality of the Pakhal 

talook. 

Coal-field north north-west of Kd- Without further preface, it inay as well be stated at once 
m4rum- that this coal-field is very small and ill-placed in every 

way for its development. 

At the most liberal calculation, it is 156 acres in extent, and it very possibly may yield 

2,265,120 tons of coal, of which I should say 1,132,560 tons would be good coal, almost as 

good as that of the Warda E. coal-fields. It is unfortunately lying at the very inconvenient 

angle of 30° on the average; and the seams are apparently the water holders of the field. 

This little coal-field was reported to the Nizam’s Government by the then Tahsildar of 

Account of the discovery of coal- Ivandiconda, who gave a tolerably exact account of the 
occurrence of the coal and the nature of the country. 

There was great enthusiasm on the subject, and a reward of Es. 2,000 was at once 

determined on; but it became doubtful as to whose the reward ought to be, the Tahsildar 

being supposed to have a great claim. He certainly made a rush at the field as soon as 

he heard of it, though it was not in his talooks. However, it has now been definitely 

settled that the reward goes to the Koi men who knew of the coal, and the Banya who 

got the information from the Kois, by making enquiry on the subject. Under such a 

fair adjudication of the reward, it may be that further information regarding other seams 

of coal in this region may now be volunteered. 

So far, there is no more coal in the locality in question, it may be found lower down 

.. , ... the valley of the Pungady Vagu, and, as stated above, 
No other coal near at hand. J = . 

there are fair signs ot it at JVIootapooram in the Ivandiconda 

Talook, while the Barakars may crop out among the hills due north of Lingoogoodinm. 

The coal-field lies about six miles north north-west by 
Position of coal-field. , ... .... 

west of Kamarum, m the bottom ot a wide valley opening 

northwards, on a main feeder of the Pangady Vagu. 

Leaving Kamarum, the path for about 3 miles goes along the plateau top of a spur 

extending into the valley, over a thin set of Ivamthi sand¬ 

stones and conglomerates which are resting nearly horizon¬ 

tally on Vindhyan slates. This covering of sandstones 

is only a thin outlier left on the older rocks, which, except¬ 

ing at the coal-field, are the rocks of this part of the country. At the end of the 

spur, the path descends a low scarp or step of 30 or 40 feet, and then goes north-west 

for some distance down into the valley, until it crosses the main stream for the first time. 

A small patcli of Kamthis. 

Rocks of the country mainly 
Vindhyans. 

* Deserted, while I was there, the “ Kois” having migrated to another group of huts not far off. As a rule, 

these people deserted every village we came to or passed by, but they gradually emerged from the jungle when 

they found that no harm was meant, and came up to the camp. 
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Talchirs; trappean. 

Lowest Talchirs, a form of trap. 

Here, the course of the stream is over dark green trappean rock (weathering into a 

mudstone) with dyke-like masses of compacter rock, 

occasionally laminated and bedded, which is soon seen to be 

of the Talchir series. True Talchir conglomerates and fine 

muds occur very shortly after this, especially throughout the course of the river beds, but 

Talchir “ boulder bed ” they are volcanic muds and ashes associated with 
a great boulder bed of irregular thickness. Higher up 

come fine dirty green-mud and sandy-mud shales, and then thick beds of fine pale greyish- 

green sands. The lowest rock seen within the neighbourhood of the river bed is of trappean 

matter, generally devoid of lamination, of a dark-green color, 

occasionally nearly black, weathering of a dark-brown or 

reddish-brown color, of a compact dull stony texture, weathering into a compact sand-stone. 

This, as well as some of the shales, is occasionally slightly vesicular, or finely tufaceous and 

containing small fragments of slate and shale. This lower deposit is in places somewhat 

conglomeratic, but I think the true conglomerate is higher in the series. Over this 

come a few thin laminated beds of the same style of rock, or as often an ‘ash-like’ 

mud-stone rock with large and isolated smoothed frag¬ 

ments of lime-stone, slate, quartzite, and occasionally 

gneiss and granite. Some of these fragments are very large, as from 4 to 6 feet by 2 and 

3 feet, and they are generally lying singly in the finest form of this ash mud. At other 

times there are the more frequent seams of pebbles and shingle, though these are not crowded 

together as in an ordinary pebble or shingle bank. 

Style of the “ boulder bed.” 

This appears to be the representative of the usual ‘boulder-bed’ in the Talchir series: 

only in this region the new feature of its having been at times derived from volcanic sources, 

is I think clearly evidenced. As to the occurrence of the smoothed boulders in the fine mud, 

one can hardly lay aside the idea so often advanced by my colleagues, but that these were worn 

Trappean and glacial. and dePosited V SlaciaI f«<*s. Two large smoothed and 
rounded sub-angular masses of Vindhyan lime-stone cer¬ 

tainly seemed to me to bo scratched otherwise than as from the wear and tear of the river; 

but I had no means with me for heaving them out of their position to see if the uncovered 

sides were marked in the same way. It is fair to state that the few boulders of lime-stone 

(unscratched on their exposed surfaces) which I did displace, were not marked at all on 

their buried faces. An enthusiastic glacialist would certainly have seen in the Talchirs of 

this region, a deposit similar to that which is probably being laid down in the neighbour¬ 

hood of Iceland, for instance, in the present day, where deposits of an undoubtedly volcanic 

source will be found associated with the debris of an ice-rubbed country. 

The path crosses the river four times in a distance of about 3 miles, Talchirs being 

, ... „ traversed all the time; but near the fifth crossing grey 
Barakars with seams of coal. _ oca 

Barakar sandstones are met with on the slope of the 

valley descending again to the stream, and in the bed of the same there is a seam of thinly 

laminated shaly and stony coal of about 20 feet in thickness, dipping at 30° to 35° south¬ 

west by west. 

The outcrop of the coal is seen very strong in the river bed as one goes northwards, and 

after a few yards the dip becomes a little easier. The river 

then makes a little bend by which the coal runs in under 

the bank, but beyond the bend it shows again in the river very strong, still with the dip of 

30°—35° which, however, rapidly increases to 45° (if not really more beneath). It is about 

18 feet thick, close to a narrow gully of the river crossed by a baud of sandstones having a 

Scam in the river bed. 
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nortli-west strike. Here the coal strikes into the land on the left bank; and nothing further 

is seen down the course of the stream, for a little more than a quarter of a mile of windings, 

hut sandstones lower than the coal, and then beds of the Talckir series. 

Still following the stream, however, I found, at about 2,800 feet from the last gap, 

Throe seams of coal lower down another sharply angular twist of the river crossing Bara- 
the stream. kar sandstones; and here the following section is traceable, 
in ascending order. 

At the bottom : The boulder bed of Talchirs overlaid by dirty jiale green line muds, sandy 

muds, and thick beds of pale gray green line sandstones. These are generally dipping 

westward or south-westward in irregular undulations, at 20° to 30°. 

Resting unconformably on the fine sandstones are— 

(1) . Grey weathering, slightly ferruginously noduled, very coarse, open textured, soft, 

X>ale, buff'and white felspathlc sandstones, with occasional thin layers of pebbles. 

Variously bedded, sometimes very thick, or thinning out over one another. The 

beds are somewhat thinner (3'—4') near the top/and more compact 

(2) . Thinner flaggy beds of soft sandstone and dark grey or blue sandy micaceous 

shales ... ... ... ... ... 

(3) . Coal.—Thinly laminated, rather stony, and full of patches of a soft velvety charcoal. 

(This is tho scam showing in the bod of the stream higher up) 

(4) . Coarse grey sands, thick and thin-bedded, somewhat thinner bedded towards top: at 

bottom, resting on the coal, a very thick bed, 20 feet or so, of coarse pale grey 

sandstoues, with a few iron concretions 

(5) . Coal.—(This is throughout the field a thin layer, and it at times thins out in strings 

into the sandstones). 

(6) . Coarse sandstones same as those below last scam of coal ... 

(7) . Coal.—Similar to lower scam 

(8) . Thick beds of coarse grey sandstones ... 

74 feet. 

1—2 ft. 

6 feet. 

60 feet. 

6—12 inches. 

15 feet. 

9 feet. 

15 feet and 

npwards. 

The upper bed of coal (7) shows in the steep face of the river hanks; a fine bed, 6 feet 

of it exposed vertically, the dip being a little easier here (25°—30°). A little brook from 

the westward has hollowed back a small cave in the coal. 

The middle thin seam (5) is just visible between cropping-up beds of sandstone. 

The lower seam (3) is only visible immediately beneath a large cliff of the sandstones, 

at a sharp turn in the river, where the latter is crossed by a ridgy hand of the sandstones 

below the coal, having a dip of 30° south-west. 

The coal has been washed out, and the cleft thus formed is filled with gravel and sand, 

but the upper part of the seam can still be scon just under the cliff. This cleft is the water- 

holder of the place, and it is in like spots in the other sections exposed by the river in these 

coal rocks, that water is now standing. 

A short distance further down tho stream, the same three seams of coal may, with care, 

be traced out at different points; here the dip becomes rather easier, while the strike is 

tending more round to due west. South of this, for a mile or so, there is nothing but 

Talchirs, and hills of Vindhyans on either side of the valley. 

After a good deal of searching at the original locality, higher up the river, I found that 

the three seams of coal are also there, and they are appa- 
Thrce seams throughout the field. ^ ^ ^ Qr increased in thickness as a 

whole. The upper seam is possibly a few feet less, while the lower is as stated 20 feet 

thick. The beds associated with the coal are pretty much the same as those given in the 

section above. 

Following the stream upwards from this for some 100 yards, round a spur on the light 

bank, there is another watering place under a ledge of sandstones; and here again is the 
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lower seam of coal, still about 10 or 12 feet tbick, overlying sandstones striking across the 

stream with a dip of 30° south-west. Coal visible in both banks. 

Lastly, still higher up the stream, about 6 or 700 yards, a 6—12 inch scam is traceable 

in the vertical face of some low dipping sandstones on the left bank, at about 4 feet from 

the ground. This is very possibly the thinning out of the lower seam. 

At any rate, not many yards higher up the stream, the Barakars cease altogether and 

Talchirs form the ground; but these ever extend only a few yards westward, when they are 

found to come up against Vindhyan quartzites of the main western hill-side of the valley. 

These three or four places down the course of the stream, showing from one to three 

seams of coal, thus indicate a curved line of outcrop of 

Barakars of about 8,000 feet in length; the Talchirs hading 

out to the eastward from underneath them. 

Examined at right angles to the strike, they are found in the hollow of this curved 

line to he overlaid by Kamthi sandstones forming a series 

of low ridges just behind that point of the stream where 

beds of these ridges, in their turn, dip at the high ridge 

forming the main western side of the valley. At either 

end of the outcrop, the coal rocks and the Talchirs are 

traceable into close proximity with the Yindhyans of the main ridge. The western boundary 

of this small field of' Talchirs, Barakars and Kamthis is 

then, as nearly as possible, a north-west—south-east line 

joining the two ends of the curved outcrop ; and the greatest 

cross-width of the area of Barakars and Kamthis is about 2,500 feet. The width of the 

Talchirs was not ascertained; it is possibly never more than a mile. 

I was unable to find any of the upper rocks in contact with the Vindhyans to the west- 

The western boundary abrupt, with ™rd; but it seemed that this boundary is either a faulted 
a steep edge. one with a nearly vertical edge, or preferably a natural 

one, the Kamthis, Barakars, and Talchirs having been deposited in a basin against a steep 

shore of Vindhyans. 

8,000 feet of outcrop. 

Barakars overlaid by Kamthis. 

the coal was first found. The 

All abut against main western 
ridge of Vindhyans. 

Western boundary. 

Breadth of field about 2,600 feet. 

The dip of the Kamthis in the minor ridges between the river and the main western 

General dip of coal rocks 30° west- of tbe vaUey> “ sti11 at ab°^ 30° westward : SO that 
ward. vve are perforce obliged to consider that the coal field 

throughout has about this average dip ; except, perhaps, a little lower, at the northern end, 

where the beds are striking round west at the main ridge. 

Continuing the section given above in ascending order, I was able, by going south-west 

Section of thickest part of Kamthis at the main ridge, to roughly estimate that there are about 
and Barakars. 140 feet of Barakar sandstones over the upper seam of 

coal (possibly there may oven he more seams than those now described) and then 950 feet 

of Kamthi sandstones. 

To recapitulate in descending order:— 

Kamthi sandstones... 

^Sandstones 

Coal 

Sandstones 

950 feet. 

140 „ 

9 „ 

15 „ 

Barakars * Coal 

Sandstones 

Coal 

^Sandstones 

6—12 inches. 

60 feet. 

6 „ 

74 

Talchirs (thickness unascertained). 



54 Records of the Geological Survey of India. [vol. v. 

This is the thickest part of the Kamthis and Barakars together ; the latter thin out to 

the south. 

Area of Barakars about 156 acres. 

Average thickness of coal may be 
taken at 12 feet. 

Quantity of coal available. 

Supposing that the western boundary has a nearly vertical edge, which I think is the 

true state of affairs, it may then, without allowing for 

greater area by the pocket-shaped form of the bottom, and 

the high dip, be considered that the area of Barakars is about the same as the area of the 

field in plan; and this is about 156 acres. I think I am very well within the mark by taking 

12 feet or 4 yards as the average thickness of coal through¬ 

out the two seams together. There are about 4,840 tons in 

a square acre of coal, 1 yard in thickness; but only three- 

fourths of this can be got out in the working, so that we may 

calculate on 3,630 tons, which being multiplied by 156 for the area, and again by 4 for the 

thickness of coal, gives 2,265,120 tons of available coal. The coal, as described above, is 

about half shaly, and stony, the shaly being the best; so taking half this number of tons, 

it may be said that there are available in the Pangadi Vagu field 1,132,560 tons of fairly 

good coal. 

I could only judge of its powers by making ordinary fires (assays will be supplied from 

the Geological Survey Office by Mr. Tween). These were 
Power of coal in an ordinary fire. , , „ , , ,, . ., ,, , ,, 

made betore my tent ol an evening; it was cold at the 

time (February) in this elevated region; and with merely a starting of a few sticks of 

wood, there was very soon a good blazing coal-fire which burnt with a brilliant flame for a 

loner time. It then quieted down into a red-hot fire, with a pale low flame, lasting so for 

2 or 3 hours; in the morning the fire was still in existence, but most of the burnt fragments 

still retained their general form in a heavy light-colored ash. For such a fire, 4 or 5 lumps 

of coal, each as big as an English brick, were used. The coal can be quarried in large 

lumps, which will bear rough carriage. The fragments used by me were just dug out from 

the bed of the river, where the coal must be much deteriorated from that unexposed to the 

atmosphere. 

So far, the favorable aspect of the Pangadi Vagu coal has been given. 

Against it there is the extremely high dip, and the fact that as its outcrop is for the 

Disadvantages connected with the greater, part of its length either in the river bed or eloso 
coal of this field, very great.. along-sido—the only pools of water in the river being now 

Dip high, and seams full of water. on geams—it js extremely probable that even in such 

an exceptionally dry season as this, the seams are full of water from outcrop to full depth. 

The area is very small and it is situated in the heart of an elevated and completely 

Area small, and situation very out jungle-covered region, in which the number of villages, or 
of the way. rather small groups of huts, is extremely small and scattered. 

The only useful route for the coal to be drawn out is northwards by the valley to Salevoy or 

Mungumpett. In the present condition of the jungle, work could only he done from early in 

January to the end of May, as the country is reported to 

he either highly feverish, or rendered impassable owing to 

flooding by the rains during the rest of the year. 

Unhealthy region. 

From Kamarum, the path continues still westward, first of all traversing the western 

Continuation of route from range of Vindhyans, already referred to, by a cross valley, 
KamSrum westwards. thickly grown with jungle, through which a clearing has 

lately been made; and so, across the rest of the Paltbal Talook to Hauamconda. Beyond 

. 
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the high ridge just crossed, there is a wide stretch of forest-covered, mostly high flat 

country with occasional shallow valleys and easy descents to other terraces of flat ground, 

until the more irregularly hilly country in which the great Pakhal tank is situated is 

reached. This country is all of Vindhyan rocks, mainly earthy slates with bands of quartzite, 

and one series of slightly magnesian grey silicious lime- 
Vmdhyans, and their lie. stone having a dip of 5° to 10° south-eastward. The general 

lie of these Vindhyans is undulating, with a gentle dip to the eastwards : occasionally also 

high, and even vertical, strata occur, so that they hade up at times in low headlands to the 

westward. 

The Pakhal tank has been made by throwing a bund across a river, which has cut its 

way over this western outcrop, between two of these low 

headlands, and thus there is a noble sheet of water kept 

back among the few irregular hills bordering eastwards on the line of low headlands. It is a 

splendid tank: there was no rain to speak of last season, and yet now there is a beautiful and 

wide-spread sheet of water lying back in two aims on either side of a good big hill east- 

south-east of the bund: while from these are long bays reaching up behind low ridges of 

outcropping Vindhyans. On every side there is far-stretching jungle; even below the tank 

bund, for miles, there is the thickest and densest jungle, only broken here and there by a 

few patches of rice cultivation. There is not the population even in the country below the 

tank to make use of its waters; and no careful means are taken in these days of Mahommedan 

rule to conduct the water to a part of the country, where the population is more numerous, 

In the old Teliugha times, when Warrungul was one of the great centres of the Telugu 

people, there must have been something more stirring in the way of human life than there is 

now in this desolate region of wide-spread jungle. 

Not more than a couple of miles below the tank, there is a great rectangular fort still 

standing entire as to its high mud and stone walls, hut all overgrown with, and in the 

midst of, tall tree jungle. The Nizam’s Government is at present erecting a large convict 

jail here, which not being yet ready for its piisoners, and with jungle around, looks almost 

as desolate as the old fort. 

The coup-d’oeil of Pakhal tank is tame, the country being flattish and unbroken by any 

good hills, except the long low ranges far to the east near Kamarum, and the one largo hill 

at the hank of the tank. In beauty and picturesqueness, it cannot for instance be compared 

with the great Cumbum tank in the Ivurnool District. 

The bund of the tank is very nearly on the western edge of the Vindhyans; in fact, the 

base of the low headlands at the south end of the bund is 
Western edge of Vindhyans. „ ,, . .... 

possibly made up ot the bottom beds oi the series, m this 

part of the country; for, about half a mile west of the bund, the stream of water from the 

sluice is crossed, and here there is very coarse granitoid gneiss of the crystalline series, and 

these are the rocks which make up the rest of the country 

westward to Hanamconda. 
Crystallines. 

Note on PaTchdl tank.—The tahsildar of Narsimpet has obligingly furnished me with the following data 

regarding this tank from records in his office: “The tank is said to have been constructed about sixteen 

hundred years ago by Rajah Khaldya. The bund of the tank is nearly 2,000 yards long, breadth 6,000 yards, 

and the depth back from the bund, 8,000 yards. When full of water, the depth at the sluice is 12 yards.” 

Camp GuddigoodiUM, I WILLIAM KING, 

ls« March 1872. J Deputy Superintendent, Geological Survey of India. 
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Sketch oe the Geology oe Oeissa, ly W. T. Blanfoed, A. R. S. M., F. G. S., Deputy 

Superintendent, Geological 'Survey of India. 

The province of Orissa consists, geologically as well as geographically, of two very distinct 

portions,—the one, a belt of nearly flat country from 15 to 40 miles in breadth, extending along the 

coast, and the other, an undulating area broken by ranges of hills in tho interior. The former 

is entirely composed of alluvial formations, the greater portion of its surface being probably 

composed of deposits from tho great river Mahanaddi and the smaller streams, the Bramini 

and Baitarni. Near its western limit alone, a few hills of gneissose rock rise from the 

alluvial plain, especially between the Bramini and Mahanaddi. The inland area, on the other 

hand, is chiefly composed of rocks of very ancient date, so completely altered and crystallized 

by metamorphic action, that all traces of their original structure are lost, and any 

organic remains which they may originally have contained obliterated. The same rocks 

cover an enormous area in Eastern and Southern India, and are usually spoken of in works 

on Indian Geology, as the Crystalline or Metamorphic series. 

Further exploration in the little known Tributary Mehals will, doubtless, show tho existence 

of beds belonging to other formations, but hitherto tho only instance in which any considerable 

area is known to be occupied by rocks of later date than the metamorphics, is in the tract known as 

the Talchir Coal Field in the estates of Talckir, Ongdl, Bamda, Atmallik, Radakol and Denkanal. 

High up the Bramini, a series of very slightly altered or unaltered rocks, comprising slates 

with jasper, quartzite and schistose beds, are known to occur ; but it has not been ascertained 

whether they extend into the district administered from Ivatak, though they are believed to 

occupy portions of Keunjur and Bonai. 

The greater portion of the Tributary Mehals has never been explored geologically, and 

tho information procurable as to their character is most imperfect. It is possible that other 

coalfields may exist, though not probable. Even the Talchir Coal Field has only received, for 

the most part, a very hurried examination. 

Excluding the formations of which no accurate information has been obtained, such as 

the slates, quartzites and jasper, believed to occur in Keunjur and Bonai, the following is a 

list, in descending order, of the rock systems hitherto described as occurring in Orissa. 

8. Blown sand. 

7. Alluvium. 

b.—River Delta deposits. 

a.—Older alluvium of coast plain. 

6. Laterite. 

5. Katdh or Atgarh sandstones. 

4. Mahadeva ? or Panehet sandstones and grits. 

3. Damuda sandstones, shales, and coal, 

2. Talchir sandstones, shales, silt, and boulder bed. 

1. Metamorphic or crystalline rocks. 

A brief description of the character of each of these formations, as found in Orissa, is 

appended. 
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1. M’ETAMOBrnic on Crystalline Rocks. 

These consist of various forms of gneiss, mica-schist, hornblende-schist, quartzite, &c. 

Crystalline limestone, common in many parts of India, has not been hitherto observed in 

Orissa. True granito occurs in the form of veins traversing the gneiss, and is of various 

forms, the most common being a highly crystalline variety with but little mica, and passing 

into Pegmatite of the hind known as graphic granite, beautiful specimens of which havo 

been found in parts of the Tributary Mahals. This granite is apparently, for the most part, 

at least of contemporaneous age with the metamorphism of the gneiss. But, besides this, 

the gneiss itself frequently passes into a granitoid form perfectly undistinguishable in blocks 

from granito, but which, when in place, is usually found to retain every here and thero 

traces of its original lamination, and to pass by insensible degrees into a distinctly laminated 

gneiss of the usual form. 

Other prevalent forms are ordinary gneiss composed of quartz, felspar, and mica; horn- 

blendic gneiss in which the mica is replaced by hornblende; the lattor mineral sometimes 

forming a very large proportion of the rock, and quartzoso gneiss, in which the felspar 

and mica or hornblende, are in very small proportion and tho quartz predominates. This 

gradually passes into quartzite: a massive rock in general, in which felspar and mica aro 

either wanting or occur only in very small quantities. 

The above may be considered the prevailing forms of the crystalline rocks; hut there 

aro others of less frequent occurrence. Amongst these are diorite, amphibolite, syenite and 

a magnesian rock, a kind of pot-stone occasionally resembling sei'pentine. These may all, 

very possibly, be of later date than tho mass of the metamorphics, though the serpentine-like 

pot-stone appears to be fairly intercalated. 

2. Talchib Gbotjp. 

The lowest beds associated with the coal-bearing strata are themselves destitute of 

useful fuel, and well distinguished mineralogically from the Damuda or coal-bearing rocks. 

They were first separated from the overlying beds in Orissa, and were named after the estate 

in which they were found. They consist, in the Talchir Coal Field, of blue nodular shale, 

fine buff or greenish sandstone, and of extremely fine silt beds, often interstratified with sand¬ 

stone more or less coarse in texture, in thin alternating laminae. The sandstones often 

contain felspar grains which are usually undecomposed. In the sandstone and fine silty 

shale, rounded pebbles and boulders of granite, gneiss, and other crystalline rocks frequently 

abound, some of them as much as four or five feet in diameter. This remarkable formation 

is known as the ‘boulder bed,’ it is peculiar to the Talchir group, and has been found in India 

wherever that group has been examined; in tho valleys of tho Damuda, the Sone, tho 

Narbadda, and the Godavari, as well as in that of tho Bramini. 

Of this singular association of largo blocks of stone in a fine matrix, but few other 

instances are known, the most remarkable one being that of the ‘ boulder clay’ ol Great 

Britain and other countries, which is now by most geologists considered to be of glacial 

origin. Thu boulder bed of the Talchir group differs entirely from the boulder clay 

however; in the former, tho fine matrix is distinctly stratified, and tho boulders are rounded, 

neither of which is tho usual condition of tho boulder clay. But tho origin of such a rock 

is, in both instances, surrounded by the same difficulty, viz, that any current of water which 

could round and transport tho boulders would sweep away, instead of depositing, the fine 

sand, clay, and silt in which they are imbedded. Yet nothing is clearer thau that the two 

were deposited together. loo is rather a startling power to invoke in endeavoring to 
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explain the phenomena of rocks found in a tropical climate, but without its agency it 

appears difficult, in the present state of geological knowledge, to account for the Talchir 

boulder bed.* 

3. Damuda Group. 

Above the Talchirs, or occasionally resting upon the metamorpliic rocks without the 

intervention of any other sedimentary beds, are found a series of sandstones and shales, 

with beds of coal. The sandstones are mostly coarse grey, and brown rocks passing into 

grits. They are usually more or less felspatkic; the felspar being decomposed and converted 

into clay, and they are often ferruginous. Blue and carbonaceous shales, often more or less 

micaceous, and ferruginous shaley sandstones are characteristic of this group. Fossil plants, 

chiefly consisting of Ferns (such as Glossoptens, Pecopteris) Trizygia, Pquiselacece and 

Catamites, and above all peculiar stems divided into segments, believed to be roots of 

unknown affinities ( Vertebraria), are frequently found. Most of the fossil species found, 

perhaps all, are characteristic of the Damuda formation. 

The peculiar interest attaching to this group of rocks is, however, derived from its being 

the only one in which workable coal has been found in the peninsula of India. All the coals 

of Raniganj, and the other fields of the Damuda valley, all thoso of the Narbadda valley, 

and of other parts of the Central Provinces, are in Damuda rocks. So far as they have 

hitherto been examined, the coals of Talchir appear to be of inferior quality to those of 

Raniganj, the Narbadda and some other localities, but the field in the Tributary Mehals has, 

by no means, been thoroughly explored as yet. 

4. Mahadeva ? Group. 

Above the coal-bearing series in the western part of the Talchir coal field, there is found 

a considerable thickness of coarse sandstones, grits and conglomerates, quite different in 

character from the beds of the Talchir and Damuda groups, and resting unconformably upon 

thorn. These rocks are usually coloured of various shades of brown, they are frequently 

very ferruginous, and the separate bods composing them are massive and not interrupted, 

as the Damuda sandstones frequently are, by partings of shale. They form hills of consider¬ 
able size in Radakol. 

It is by no means dear that these beds are the roprosontati ves of the group in the 

Narbadda valley to which the name Mahadeva was first applied, but there is a general 

sub-division of the rocks throughout the greater portion of the Indian coal fields into three 

principal groups. To the higher of these the term Mahadeva has been given in the Narbadda 

valley and in Orissa, and Panehet in Bengal, and until re-examination of the Orissa beds has 

enabled their relations to that of other coal fields to be more accurately made out than was 

possible when they were first mapped, it appears best to retain the name then applied 
to them. 

» In 1855 Mr. Blanford suggested (Memoirs, Geological Survey, India, i, p. 49) that these beds might have 

been deposited on a high table land, and that the association of the boulders was perhaps due to ground ice. 

The advance of cosmical theories since that time has rather tended to increase the possibility of periods of 

cold having occurred in the course of the earth’s history, some of which may havo been sufficiently severe to affect 

the tropics, or portions of them. The Talchirs have now been found over so extensive an area that the probability 

of their having been deposited at any considerable elevation above the sea has greatly diminished, and some observers 

are inclined to consider them marine, a view which I do not share, but at the samo time no other hypothesis, not 

involving ioe action, has been offered which accounts satisfactorily for their peculiarities. (Since this was written 

strong confirmation of Mr. Blanford'* views has been obtained, by finding in these Talchir boulder beds masses 

of granite of large size, the surfaces of which have been polished, scored, and furrowed precisely as are the 

masses of rocks or boulders, found iubeddod in, and transported by, ice-floes or glaciers. T. UldhiM). 
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5. Katak (Cuttack) ok Atgaeh Geoup. 

South-west of the town of Katak is a considerable area occupied by grits, sandstones and 

conglomerates, with one or more beds of white or pinkish clay. The beds are very similar 

in general character to those last described, but there is no evidence of their connection, and 

it appears at least as probable that the Katak rocks are of later date. 

No fossils have been found in these beds except some obscure impressions apparently of 

vegetable origin in the clays. 

6. Lateeite. 

The laterite of Orissa is evidently of detrital origin, and consists essentially of small 

pisolitic nodules, chiefly composed of hydrated oxide of iron (brown haematite) and coarse 

quartz sand, cemented together, more or less perfectly, into either a firm though somewhat 

vesicular rock, or a less coherent mass, or at times remaining in a loose gravelly condition, and 

thus passing by various gradations into a sandy clay with a few pisolitic iron nodules. As 

a rule, the forms containing most iron are the most coherent, and vice versa. The more solid 

forms are largely used as building stone, having the peculiar but important property of being 

softest when first cut and of hardening greatly on exposure. 

Beneath the detrital laterite, especially when a felspathic form of the metamorphic 

rock occurs, the decomposed upper portions of the latter are frequently greatly impregnated 

with iron, and converted into a kind of lithomarge which closely resembles the detrital 

laterite in appearance, and is employed for the same purposes. 

The massive form of laterite which caps many of the higher hills in Peninsular India, 

and which is more compact than tho detrital laterite, is not known to occur in Orissa. 

7. Alluvium. 

a. Older Alluvium of the Coast Plain. 

In the neighbourhood of the hills and frequently for many miles from their base, the 

alluvium of the plains consists of clay and sand, usually more or less commingled, and, in 

most places, containing calcareous concretions (kankar or gutin) and pisolitic ferruginous 

nodules. This deposit passes, as already mentioned, by insensible degrees into laterite on the 

one hand, and into tho more recent delta alluvium on the other, but in its typical form, it is 

well distinguished from both by being more sandy and by containing nodular carbonate of 

lime or kankar. 

Tho age of this alluvial deposit is shown by its surface having been modified and 

rendered uneven by the action of rain and streams; so that the country composed of it is 

more or less undulating. 

Whether this formation, or any portion of it, is of marine origin is a question hitherto 

undetermined. So far as it has boon yet examined, it appears in Orissa to be unfossiliferous. 

The greater portion has, doubtless, been produced by deposits washed down by streams and 

rivers from the higher country to tho westward, and it appears probable that a portion of 

these have been, deposited along tho coast. But other deposits have been, in all probability, 

formed upon tho original marine beds by the additional accumulations brought down by 

streams and washed by rain from the hills, so that it is questionable whether tho lower 

marine beds, which probably exist, are anywhere exposed. 
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b. River delta deposits. 

In the neighbourhood of the great stivers the soil is finer and the country level, the 

greater portion of it being yearly overflowed by flood waters and receiving a fresh deposit 

from them, except in places where they aro kept from overflow by artificial means. The 

alluvium thus formed is generally highly fertile, but the country is swampy and often 

malarious. As above pointed out, the only character by which this modern alluvium can bo 

distinguished is the flatuess of its surface, showing that the area occupied by it is one of deposi¬ 

tion and not of denudation. Usually also, it is less sandy thantlm older alluvium, and kankar 

is not of frequent occurrence in it, though a thin layer of it often covers deposits of calcareous 

sand and clays, from which the later deposit can, with difficulty, be distinguished. 

8. Blown Sand. 

Along the coast in places, as about Puri, large tracts of ground are covered with sand 

blown inland from the beach. The nature and origin of the formation are obvious. 

In proceeding to give a sketch of the geological characters of the different districts and 

states of which Orissa is composed, I shall first describe the districts of Balasor, Katak and 

Puri, and subsequently those Tributary Mehals of which any definite information has been 

obtained. 

1. Balasoe.—Almost the whole district consists of alluvial deposits. Metamorphics 

occur in the Nilgiri hills, along the western boundary, but they scarcely enter the district 

anywhere, and in no case are found more than a mile or two within the boundary. Laterito, 

frequently massive, forms a narrow fringe to tho hills in places, but not everywhere. 

A few sand hills skirt the shore in the north-eastern part of the district, and on the 

east of the Subanrika they extend for three or four miles inland. 

Tho older alluvium occupies tho greater portion of the district, tho flat river alluvium 

forming the southern part near tho Bytarui, Karswa and Bramini rivers, and a tract in the 

north-east near tho Subanrika. Around Balasor itself the soil is rather sandy, and contains 

latcrite gravel. Concretionary carbonate of lime (kankar) is widely distributed, especially in 

the western parts of the district. 

Katak.—As in Balasor, tho largest part of the district consists of alluvium; the older 

form, with an undulating surface, occupying, however, a much smaller area proportionally, 

and being confined to tho north-western part of the district; nearly all of tho remainder 

being composed of the flat deltas of tho Mahanaddi and Bramini. Along the sea coast 

blown sand generally occurs, but only forms a narrow belt. 

Between the rivers Bramini and Mahanaddi iii the ICillas of Balrampiir, Madpur, Darpan, 

Kalkala, Daljura and scattered over the country to the east in Pargaua Ulti, there are 

numerous hills all more or less isolated, and all composed of gneiss. Along the Bramini, 

near Balrampur, and for some miles to tho south-east, the rock is compact and granitoid. 

Further south it is less compact and usually soft from partial disintegration near the surface. 

It is marked with numerous red blotches, tho remains of decomposed garnets. This soft 

decomposed gneiss is sometimes quarried and used for building. Tho hills in this part 

of the country are most inaccurately represented on the Revenue Survey maps* 

No laterite occurs around tho more eastern hills, but around those in the neighbourhood 

of the road from Calcutta to Katak, there is frequently a narrow fringe, often conglomeratic. 

* Those on the Topographical Survey in ups of tho Tributary Mohals, on the other hand, aro very correctly 

drawn, 
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as if it had been originally a beach deposit, and to the west of the high road to Katak 

the metamorphic hills are surrounded in general by broad terrace-like flats, frequently 

stretching from hill to hill, and when they do not do so, affording evidence that the laterite 

is continued beneath the intervening alluvium. This laterite is frequently employed for 

building purposes. 

Puei.—The southern district of Orissa is much smaller in size than either of the 

others, and yet the extent of hard rocks is larger than in either Katak or Balasur. All the 

country near the coast and a broad tract in the north-east of the district are alluvial, but 

the western parts of the area are occupied by laterite, sandstone, and metamorphic rocks. 

There is a very small extent of the older undulating alluvium; almost all the eastern part 

of the distiict, and the country extending from the Mahanaddi to the Chilka lake is per¬ 

fectly flat, and consists of the newer or delta alluvium. Hence its liability to flooding from 

the Mahanaddi. Hills of blown sand extend along the whole coast, and frequently are 

disposed in two or three' principal ranges,—the first close to the shore, the second from 

one to two miles inland, and occasionally there is another still further from the sea. 

The greater portion of Perganas Domipada and Dandimul, south-west of the town of 

Ivatak, consist of the Atgark sandstone, composed, as already mentioned, of coarse sandstones 

and conglomerates. To the west these beds appear to rest on the metamorphic rocks, and 

they have a general dip to the east and south-east, at low angles not exceeding 5° or 6°. 

They are surrounded on all sides by laterite and alluvium. At their apparent base to the 

west is a coarse conglomerate, the pebbles chiefly of quartzite. 

These rocks contain one hand at least of white clay, which is largely dug, and used for 

white-washing houses and for other purposes. 

South-west of the sandstone country and west of Khurda, there is a broad undulating 

plain, partly covered with laterite through which the gneiss rises at intervals. In the extreme 

west of the district around Dolgarh and Goriali, there are two very barren ranges of no 

great height, running east and west, and formed of compact, rather granitoid gneiss. 

From this point, whence the boundary of the district turns to the eastward as far as the 

Chilka lake, only detached hills occur, all of gneiss, with intervening plains of laterite and 

alluvium. The group of hills near Ckatarma are of granitoid gneiss, most of the others 

are of garnetiferous gneiss with quartzose bands. Such are Khurda hill and the smaller 

rises in the neighbourhood, and also the hills cast of the Katak and Gaujam road between 

Ramesliwar and Monglajuri. 

Precisely similar country extends to the west of the Chilka lake. The lake itself is a 

part of the sea first rendered shallow by deposits from the mouths of the Mahanaddi and 

from silt carried up the bay round the hills near Gaujam by the violent southerly winds of 

the monsoon, and then entirely cut off by a spit, formed, by the samo agency, of sand drifted 

along the coast. Near the south-western extremity of this spit there is a considerable 

deposit of estuarine shells, at a height of 20 to 30 feet above the present flood level of the 

Chilka. The shells found, Cgtlierea casta and Area gran oca, have not been observed living 

in the Chilka, and both are estuarine species, not occurring in the sea itself, but the former 

is now abundant in the estuary connecting the lake with the sea. This deposit appears to 

afford evidence of a recent elevation of the land. 

There can be but little doubt that the Chilka is gradually diminishing in size and in 

depth, but as it receives no streams of importance, the quantity of water charged with 

sediment poured into it is small, and its rate of decrease is probably very slow. Its fauna 
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is peculiar, and deserves more attention than it has hitherto received. Indeed, the whole 

estuarine fauna of the Indian backwaters and deltas has been but imperfectly worked out, 

and further information is extremely desirable, of the mollusca above all, for the illustration 

of the fossils ot the many deposits which have doubtless accumulated under very similar 

circumstances in past times. 

Tributary Mehals. 

Of the geology of the following states:— 

Moharbanj. Bodamba. 

Pal Lahara. Tigerea. 

Nursingpur. 

lying north of the Mahanaddi, and of all the states south of the Mahanaddi river, except 

Banki, viz.:— 

Boad. Nyagarh. 

Daspala. Ranapur. 

Kandapada. 

nothing whatever, delinitc, is known. 

It is pretty certain that a large proportion of their area consists of metamorphic rocks, 

and it is possible that no others may be found. 

Of Keunjur and Nilgiri, only the edges bordering on the Balasor district have been 

examined. Hurdole has been traversed, portions of Denkiual and Atmallik have been examined, 

whilst of Ongul, Talchir and the little estates of Atgarh and Banki, a somewhat more 

general survey has been made, still however far from complete or detailed. 

Nilgiri and Keunjur.—The hills bordering on Balasor consist entirely of metamorphic 

rocks of various kinds. In the northern part of the range gneiss is found, so granitic that 

the direction of the foliation can scarcely be ascertained. It appears to be nearly parallel 

with the escarpment of the range. 

Grairite veins are scarce, but green-stone dykes or pseudo dykes, many of them of great 

size, abound, and most of them, if not all, appear to be parallel with the gneissic foliation. 

This fact renders it probable that the dykes in question are really beds so altered as to be 

perfectly crystalline. 

A kind of magnesian rocks, intermediate in composition between potstonc and ser¬ 

pentine, approaching the former iu appearance but less greasy in texture, is quarried to some 

extent chiefly for the manufacture of stone dishes, plates aud bowls. These stones arc 

roughly cut into shape iu the quarry, and finished partly with tools, partly on a lathe in the 

villages. The rock employed occurs, interlbliatod with the gneiss, in several places, and is 

quarried at the villages of Santragodia and Gujadiha, a few miles south of Nilgiri, at a 

spot two or three miles from Jugjiiri, aud in scattered localities to the north-west. 

A few miles west-south-west of Jugjiiri, near Parkpada, the granitoid rocks arc replaced 

by a tough, hard, indistinctly crystalline, hornblendio rock resembling diorite, but exhibiting 

more foliation than is seen in the hills near Nilgiri. Still further to the south-west, quartz 

schist comes in, well foliated, occasionally containing talc. A detached hill near Bakipiir 

consists of this rock, and so does the whole south-west portion of the range as far as Rugadi, 

except in the immediate neighbourhood of the Salandi Naddi, where it leaves the hills. Here 

syenite occurs, and the same forms a detached hill near Darapur. The south-western portion 

of the range is free from the trap dykes, whicli are so conspicuous in the north-east of 
Jugjiiri. 

All the western portions of Keunjur are unexplored. 
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TalghIb, Ongul, and Atmallik.—The TalcMr Coal-field.—Those states comprise 

by far the most interesting geological area in Orissa and its dependencies. The basin of 

sedimentary rocks known as the TalcMr coal-field is surrounded on all sides by metamorphics. 

This basin extends about 70 miles from west by north to east by south, with a general breadth 

of from 15 to 20 miles, its eastern extremity at Karakprasad on the Bramiui river being 

nearly 50 miles north-west of Katak town. Its western limit is not far from Bampiir in 

tho state Badtikol, and it comprises nearly the whole of TalcMr and a considerable portion of 

Ongu.1 and Eadakol, with smaller parts of Bamda, Atmallik, and Denkinal. 

The western half of this field, or more than half, is chiefly occupied by the rocks already 

described as belonging to the Maliadeva group ;* conglomerates and coarse sandstones, which 

form hills of considerable height in a very wild, jungly, and thinly inhabited country. It is 

by no means improbable that the Damuda coal-bearing rocks will hereafter he found in 

portions of this area. Indeed, they have been observed at the village of Patrapada. 

In the extreme west of the field TalcMr beds occur in the upper part of a valley tribu¬ 

tary to the Tikaria near Deinclia, and also near the village of Bampiir in Eadakol. In both 

cases Maliadeva rocks appear to rest directly on them without tho intervention of any 

Damiidas. 

Besides occupying the western part of the field, tho Mahadevas are found in two places 

along the northern boundary, which is formed by a fault of considerable dimensions. One of 

these places is near the villages of Bodaberna and Dercng, where the upper beds occur as 

a narrow belt five or six miles from east to west, their presence being marked by low hills of 

a hard conglomerate. Farther to tho west, they recur in another isolated patch forming tho 

rise called Konjiri hill and its neighbourhood. This hill consists of sandstone capped by 

conglomerate, tho pebbles from which weather out and cover the sides of the hill, concealing 

the sandstone beneath. 

The northern part of the field on which these outliers of the Mahadevas occur is much 

cut up by faults, or, to speak more correctly, by branches of one great fault. These faults are 

in some places marked by a quartzose breccia, containing fragments of sandstone and other 

rocks. The vein of breccia varies iu breadth; at the village of Kerjang, it is so largely 

developed that it forms a hill of considerable height. Between the branches of the fault 

TalcMr beds and metamorphics occur; north of all the faults metamorphics only are 

found. 

The eastern part of the field from near Kerjang on the Tikaria rivor and Koukurai on 

tho Tengria to east of tho Bramini is principally composed of Damuda rocks. These may 

usually be recognised by the occasional occurrence of blue and black shales, the latter carbo¬ 

naceous and sometimes containing coal. The general section of the beds, so far as could be 

made out in a difficult country much obscured by surface clays and jungle, is as follows:— 

1. —Interstratifications of blue and black shale, often very micaceous, with ironstone 

and coarse felspathic sandstone. These are at least 1,500 feet thick. 

2. —Carbonaceous shale and coal, about 150 feet. 

3. —Shales and coarse sandstones, the latter prevailing towards the base; thickness 

doubtful, hut not less than 100 feet. 

* At the period when the Tulehtr coal-field was examined, nothing whatever was known of tho classification of 

rocks which has sitfee been made out by the Geological Survey in the various coal-fields of India. Indeed, one of 

the very first and most important distinctions, that of the Talchlr group below the coal-bearing division, was made 

in this region, as already mentioned. The boundaries of the Maluidcvae and Damudas on the map in the Memoirs, 

Geological Survey of India is merely a rough approximation made from memory after quitting the field. The 

differences of the rocka hud been noted iu the Held, hut their area had not been mapped. 
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If this be correct, the coal only occurs upon one horizon. It is by no means impossible, 

however, that other beds may be found. 

Coal is known to be exposed in three places. The most westwardly of these is at 

Patrapada in Ongiil, a village on the Medulia Jor, a tributary of the Ouli river. Here some 

six feet of carbonaceous shale and coal are seen in the bank of the stream, capped by clay, 

upon which rest the coarse grits of the Mahadeva group. The area occupied by the beds 

is small. 

The next place, which is far better known, is at Gopalprasad in Takhir, on the Tengria 

river. The rocks at this spot are nearly horizontal for a long distance, and the coal bed 

extends for some miles along the banks of the stream above the village. It also recurs 

lower down the stream. The thickness of the bed is considerable, but its quality inferior, 

tho greater portion being excessively shaloy and impure. Selected specimens contain upwards 

of 30 per cent, of ash. It by no means follows, however, that better coal may not be found, 

and even the inferior fuel would bo useful for many purposes if any local demand existed, and 

from the horizontality of tho bed a large quantity might be procured with very little labour. 

The general dip in the neighbourhood is to the north, and any attempts at working the coal 

on a large scale, or further exploration by boring, should be made north of the Tengria 

stream. 

Tho third locality is in a small nalla running into tho Bramini from the west just north 

of tho town of Takhir. Beds lower than the coal are seen in the bank of the Bramini at the 

Rajah’s residence; the carbonaceous shale with coal is exposed about 400 yards from the river 

in tho small watercourse ; only two or three feet are visible, the dip is north-west, and tlie 

coal is covered by micaceous, sandy and shaky beds. A boring north-west of this spot would 

test the bed fairly. 

There is another locality in which, if tho section can he trusted, beds just above the coal 

shales in position are exposed at the surface, and where, consequently, a boring might very 

possibly penetrate them. This is at tho village of Konkurapal in Ongiil.* It is by no 

means certain that tho Gopalprasad shales aro close to tho surface here, but tlie spot is the 

summit of an anticlinal, and some black shale seen in the stream resembles the uppermost 

portion of the rooks of Gopalprasad. 

It is highly probable that closer search will show other places where coal is exposed at 

the surface. 

The south-eastern part of the field consists of Takhir beds, in which boulders are only 

occasionally found towards the base. They are numerous near the village of Porongo. 

Above the silt bed containing the boulders, there is a fine sandstone frequently containing 

grains of undecomposed felspar. There is no chance of coal being found in this portion of the 

basin, that is, south of a line drawn from cast by north to west by south running about two 

miles south of Talchir. 

In several places in the Talchir field iron is worked. Tho ore varies; sometimes the 

ironstones of the Damuda beds are used, but more frequently surface concretions, the supply 

of which is necessarily limited; sometimes the little pisolitic nodules of the laterite are found 

washed from their matrix and deposited in sufficient quantities in alluvial formations to be 

worth collecting. In one instance noticed, the ore was derived from the metamorphic rocks 

* Not near Ongdi (that is, not near tire town so called,) as misprinted in Memoirs, Geological Survey of India, 

I, p. 61. The village is about 10 miles north-west of Gopalprasad. 

Note.—The foregoing sketch of the Geology of Orissa was prepared for nse in the proposed general Gazetteer 

of India, now in course of preparation, under the direction of W. W. Hunter, Lb. D. 
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and brought from a distant locality ; it resembled the mixture of peroxide of iron and quartz: 

found at the outcrop of metallic lodes and known as ‘ Gossan’ in Cornwall. The method of 

smelting the iron in small furnaces is similar to that used in other parts of India, but 

the bellows employed are worked with the foot, a peculiarity only found in the south-western 

dependencies of Bengal and in Orissa. An account of the process with figures by my brother, 

Mr. H. F. Blanford, will be found in Dr. Percy’s Metallurgy of Iron and Steel, p. 261. 

The arenaceous ironstones of the Damuda group would, doubtless, yield a large supply 

of ore. 

Denkinal and Hindole.—These require scarcely any notice. So far as is known, they 

consist of metamorphic rocks, except the western extremity of the first named State which 

comprised the eastern end of the Talchir basin. The metamorphic rocks are of the usual 

descriptions. 

Atgaeh.—The northern and western parts of this State consist of metamorphic rocks. 

Along the Mahanaddi from near Katak to the boundary of the state within three or four miles 

of the village of Tigeria, there is a belt four or five miles broad of the same “ Katak” sand¬ 

stones as are seen south of the Mahanaddi in the Puri district, being in fact a portion of the 

same basin. The rocks are precisely similar—coarse sandstones and conglomerates with 

one or more bands of white clay. 

Banki.—West of the sandstone area in the Puri district there is a broad expanse of 

alluvium running for a considerable distance to the southward from the Mahanaddi; west of 

this again metamorphic rocks occur. There is a fine semicircle of detached hills running from 

Bankigarh to the village of Bydesar. The hills are partly of garnetiferous gneiss, partly 

of compact hornblendic gneiss. Banki Peak is of very quartzose gneiss. The strike varies 

in a peculiar manner, being very irregular, but with a general tendency in all the hills to dip 

towards the centre of the semicircle. South of the hills is a large undulating plain partly 

covered with laterite. 

W. T. BLANFOBD. 

Notes on a new Coal-field in the south-eastern part of the Hydeabad (Deccan) 

Teeeitoey, by William King, B. A., Deputy Superintendent, Geological Survey of 

India, 

In the regular course of my work I have found a further small and hitherto unknown 

outlier of coal-bearing rocks, some thirty miles south-east of the Kamaram or Pangady 

Yagu field already described in these records.* 

The present field is situated between about 17° 30'—17° 40’ north latitude, and 

80° 18'—80° 25' east longitude, near the villages of Rumpaid, Yellindallapad.f Hooserakapully, 

and Ragabonagoodium, in the eastern part of the Knndyconda talook. Its southern 

extremity is about four or five miles east of the large village of Siugareny, and it may be 

as well to give this name to the field. 

It is a narrow irregular patch of the ‘ plant-bearing series’ of rocks, about eleven miles 

long and from one to two miles in width, giving an area of about nineteen square miles, though 

at the same time the coal measures are only supposably about eight square miles in extent. 

* Records, Geological Survey of India, Vol. V, Part 2, p. 46. 

t Yellindallapad is nearest to the outcrop of coal seam; but it is deserted at present (March 1872), Kollapoor 
and Cheedamulla (Sodamilla), a couple of miles to the east, are larger villages. 



66 Records of the Geological. Survey of India. [vol. v. 

As the crow flies, it is about twenty-three miles north-north-east of the town of Khum- 

mumet,* * * § and thirty-six miles east of Nellycudr, the tahsil village of Kundyconda talook. 

As far as my knowledge goes, coal is only visible at one spot, and it is possibly only due 

to the fact of the country being so dried up this year, and the exceptional lowness of the 

water in the few stream pools, that I was able at last, after long and apparently hopeless 

searching, to find the upper edge of a seam showing just above the mud and water in one 

of these pools.f For this reason also is accountable the fact, that the people around had no 

idea of the existence of coal. 

Even though the seam had not eventually been met with, I should have announced this 

as a possible coal-field, and recommended that it should be proved by boring, for the rocks 

were to my mind clearly of the coal-beai'ing series. 

I am unable to give now the thickness of the seam, for neither time nor means for 

excavation were at my disposal; but there are two feet of coal ascertainable, and it looks a 
good strong decided seam. 

The coal, so far, is tolerably light, compact, charged slightly with patches of powdery 

charcoal, is more or less bright, and breaks with a sub-conchoidal fracture. In an open fire, 

after being well dried in the sun, it burns brightly, though not quite so brightly as that of 

the Pangady Vagu field, and leaves a soft powdery ash.J A fair average specimen gives the 

following assay— 

Fixed carbon ... ... ... ... ... ... 62*4 

Volatile matter ... ... ... ... ... ... 22-6 

(Moisture 6'0). 

Ash ... ... ... ... ... ... ... 15-0 

100-0 

The specimen is however only from a few inches within the exposed surface of the seam. 

Owing to the absence, or concealed state, of the outcrops of coal it is utterly impossi¬ 

ble as yet to say what its extent may he, and this cannot he ascertained until borings have 

been put down in various parts of the field. The positions of the different series of rocks 

can only be indicated, as also the fact that there is coal. 

A small map§ is appended, showing tho general outline of the field and the rock series. 

Absolute correctness of boundary could not be attempted iu this map; but the lines will be 

found sufficiently correct for future exploration. 

This is essentially a field requiring examination by borings, which may be put down at some 

of the spots which are suggested on the map. In the Pangady Vagu field the outcrop of 

coal is so freely exposed that ‘he who runs may read’ it; but here, in the Singareny field, 

the mineral wealth is not at all so evident, though if it exist in any quantity, which 1 am 

inclined to think it does, it is to be got at and carried out infinitely easier in every way than 

at the Pangady Vagu. 

* This name has been variously given, but the above seems the nearest adaptation to ^ ^ which 

is the official manner of spelling it. It is distinctly not Kumannet; the spelling in the atlas map is very fair. 

t It is possible therefore that the seam may not be visible to future explorers; but I showed it to two of the 

people of Kollapoor, who can easily point out the spot. 

t In this, very different to the Pangady Vagu coal, the ash of which is hard and retains the form of the 

original fragments. 

§ The southern extremity of the field is left undefined, as I am not quite sure that it does not extend further 

south. Lateness of the season and absence of water prevented my continuing the survey among the low hills in 

this direction. 
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Here, there is no hilly country to be got over, the locality being in the low country; 

while there is not nearly such thick jungle, though the field is completely covered by thin 

tree forest. The villages are somewhat more frequent and populous, and there are well 

marked paths in several directions. The distances also to the coal from Khummumet and 

Kundyconda are trilling when viewed in connexion with the proposed branch line* of Eail- 

way from Wartungul south-eastwards to the confines of the British Territory. 

It is difficult to indicate the exact place of the coal outcrop, owing to the inability of 

obtaining a sight at any place through the jungle : but it is about two miles, or scarcely 

this, due west of the small hill station marked on the atlas Sheet 75, near the villages of 

Cheedamulla (Sodamillal and Kollapoor, in the bed of the Yellindallapad vagu or stream. 

At this place, the stream is crossed by two low barriers of thick bedded sandstone striking 

nearly east to west with a dip of about 5° to the south, though the more northerly of the two 

barriers is part of a low anticlinal with the beds on its northern edge dipping north. The 

stream has cut an irregular zig-zag course, partly pot-hole and part gully, across this 

latter barrier, with rudely vertical sides of from four to thirteen feet high. The gully is 

deepest in the middle, deeper than at either the entrance or exit, and here the sandstones have 

been scoured out sufficiently to leave the top of the coal seam exposed all round the edges of 

an oblong pool, the floor of which is also of coal. It is thus that the thickness of the coal 

cannot be ascertained without boring or sinking a pit. 

About two feet of coal are visible, aud the seam is overlaid by, at the deepest part of 

the gully, thirteen feet of sandstone in one bed. There is no passage by shales, or clays, 

from coal to massive sandstone above, the junction between the two being perfectly clear and 

sharp. The rock is a eoai’se friable fel,spathic saudstone with small quartz pebbles, or gravel 

of pebbles thinly distributed through it. At the thickest, there is a single bed, but this even¬ 

tually resolves itself into two or three thinner beds. This is the character of these sand¬ 

stones on the Pangady Vagu as well as here; that they do not run of an even thickness for 

any distance, but that there are as it were bands of irregular lenticular beds of sandstone 

running into one another. 

The general lie of the Dam(jda beds, as well as of the other associated rocks, is in easy 

undulations and from east to west, with somewhat of a general basin form; but they appear 

to be only exposed to any extent on the Yellindallapad Vagu. Over the rest of the field, if 

they exist, they are covered by sandstones of the Kamthi sub-group, though seldom to any 

great depth, possibly not exceeding two hundred feet at the most in the southern part of the 

field. In the northern half of the field, it does not appear as if any boring would have to 

exceed one hundred feet. 

The rock series exposed in this Singareny field are, in descending order 

Kamthi, sub-group. 

Damudas (coal measures). 

Talchibs. 

VlNDHYANS. 

Crystallines (Gneiss, &c.), 

Kamthis and Damudas rest directly on the Gneiss for a good part of the eastern edge of 

the field. No T-alchirs are seen here, nor do I think they exist. Round the rest of the 

field, except for a mile or so to the east of Singareny, the underlying rocks are Vindhyan. 

* Part of a system of railway proposed by Mr. T. M. Hardy Johnston, M. Inst. C. E., Secretary to His 

Highness the Nizam’s D. P. W., in a Memo, addressed to Sir Salar Jung Bahadur, g„ c. s. i., dated July 1871. 
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The Talchirs are peculiar in occupying only the northern part of the field about Kum- 

paid, in the basin of whose main stream they are well seen forming good wide spreads of fine 

dirty yellowish green-grey (doe-skin-glove colored) mud sandstones. There are no signs of 

volcanic associations here, as is the caso on the Pangady Vagu; nor is there any well- 

developed boulder bed. Here and there are occasional large pebbles or small assemblages of 

such; and in one spot in the bed of the stream from Mankai-um, &c., which is joined by the 

Rumpaid stream, there is a huge block (now broken in half) of from 10 to 15 feet in 

diameter of Vindhyan quartzite, which seems to be still almost in situ. 

The Talchirs are distinctly overlapped by the next higher or coal-bearing series, and to 

such an extent both here and in the valley of the Godavery, that the two series would 

appear to be separated by a greater interval than mere unconformity of overlap would indi¬ 

cate. Otherwise, it is extremely difficult to my mind to account for such widely separated 

patches of a formation which always exhibits great uniformity of color and materials. 

In the present field, I was not fortunate enough to find a section showing contact 

between the two series, but in my notes referring to the Pangady field the fact of unconfor¬ 

mity is there stated. In that section, though a small one, the bottom sands of the Baeakars 

are lying on bluntly-bevilled edges of mud sands of the Talchirs : the difference of angle 

being very little it is true, but there is still a difference. 

It is to be remembered that the worn edges of the Talchirs (even now soft and 

friable mud-sands) would very likely, prior to the deposition of the Baeakars, not be sharp 

and well defined, but rounded and somewhat fringed down; and the angle of dip not being 

much different from that, of the newer rocks, their felspathic sandstones would, in general, 

lie over the sandy mud-stones more in the style of oblique lamination; and this is really 

somewhat the manner of the Pangady Vagu section, though there is, as I have written, the 

difference in lie of the beds themselves. 

The Dahudas and Kamthis are of the usual kinds, viz.:—coarse and fine felspathic 

sandstones, the Kamthis being coarser, more open textured, more ferruginous, and perhaps 

more gravelly. It is difficult, in the absence of any fossil evidence and favorable sections to 

draw any well defined boundary between these two seines, though in general l’acios they are 

as distinct as possible, while at the same time they appear to be very distinct in age. It 

seemed to me that the passage between the two is marked by a set of thinner and somewhat 

closer-grained and compacter-brown sandstones coated on the surface with brown peroxide 

of iron, and that these are the lower beds of the Kamthis. On such a view, I have entered 

the two series in the accompanying map. 

The hill station already referred to is of Kamthis; though, on the eastern side, and for 

some distance on the north and south, the base of the hill is of Crystallines. On the 

western side, ono descends from coarse sandstones having a dip of about 10° west by north 

gradually to what are unmistakeable Baeakars, but whether these are continuous right 

under the hill between the Kamthis and Gneiss, it is as yet impossible to say owing to the 

talus of debris all round. 

From the hill there is a general easy undulation of Barakar sandstones nearly to the 

crossing of the Yellindallapad Vagu by the path from Singareny to the latter village; but 

just to the east of this path there are some low ridges of the compact ferruginous sandstones, 

which I take to be lower Kamthis. These are lying in a set of narrow undulations with a 

north—south strike; and at the crossing of the stream or vagu they are dipping east-south¬ 

east at from 20° to 30°. 

The stratigraphic relations between the Kamthis and DamOdas in this part of the 

country are also indicative of the latter being distinctly overlapped by the former; and that 
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the Damudas were either only deposited in small detached areas, or were largely denuded 

prior to the deposition of the Kamthis. 

In the present case the beds of the hill station do not seem to be underlaid for the whole 

of this floor, hut to have overlapped the Damijdas to the eastward; and on this account 

it is to be feared that the coal measures will not he found constant throughout the field. 

There are two other small outlying hill masses of Kamthis, a few miles to the north-east 

of the Singareny field, which are in general character exactly like the hill station, or of a 

steep-sided plateau form, and made up of nearly horizontal beds. One of these is above 

or immediately north of Dharmapooram; and the second further north-east between 

Kamaram and Anantarum. A couple of miles further east, is the south-western edge of 

the main area of Kamthis. Now, there are no signs of Damudas under this south-west 

edge; nor are there any under the second of the two outliers mentioned. There are, however, 

grey and pale huff sandstones at Dharmapooram underlying the hill of Kamthis, possibly 

Damudas, though I saw no trace of coal; and it might he as well to examine these rocks 

by boring* 

In the southern part of the field, the Kamthis are very strong, particularly on the 

eastern edge after the stream from the Kollapoor tank is crossed. Here they form some low 

ridges, and have a dip of 20° or 30° westward. The country is, however, so covered up by 

clay and sandy deposits and jungle that it is difficult to make out the lie from these ridges to 

the western edges of the field opposite Singareny; or to tell if any undulation brings 

Damuda beds up to within easy reach of the surface. Some of the beds on the western edge 

opposite Singareny in the valley of the stream from Kollapoor, &o., seemed to be Damuda 

sandstones. Borings should he put down right across this part of the field, and certainly ; 

below the eastern slopes of the ridges on the eastern edge. 

I have indicated in the map where it would be advisable to put down bore holes. In no 

case does it appear as if these would ever need to he sunk more than 200 feet at the utmost, 

and most of them, particularly in the middle of the field, would seldom exceed 50 feet. In 

all cases the borings ought to he sent down to the gneiss (the greater part of the floor of the 

field is possibly of crystalline rocks), except in the neighbourhood of Kumpaid, where Talchirs 

will be met with; or to the Yindhyans (hard quartzite, slates, and siliceous limestones) 

northwards from the Yellindallapad stream, or in the southern end of the field. 

Camp Khummumet, Y WILLIAM KING, 

30tli March 1872. i 

DONATIONS TO MUSEUM. 

From June 1871 to April 1872. 

F. R. Reed, Esq., Soory.—Specimen of coal from the new workings at Kasta. 

Dr. Cayley.—Specimens of rocks and fossils from the limestone ridges north of the 

Lingithang plain. 

Dr. Cayley.—Specimen of rough jade and of a rude stone mortar, small wooden wedges, 

&c., found in the abandoned jade quarries opposite Galbasha. 

Dr. Waaoen.—A small rock specimen containing Eozoon Bavaricum from near Regensburg. 

C. Bernard, Esq., C. P.—Left ramus of lower jaw of Bos (sp. ?). Pranhita River above 

Sironcha. 

* The Geological Survey of India have no means of boring. 
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Messes. Tremellen & Co., Swansea, per F. R. Mallet.—A series of specimens illustrating 

the manufacture of arsenic. 

The Wheal Teelawny Mine Co,, Cornwall, per F. R. Mallet.—A series of specimens 

illustrating the washing and dressing of lead ore. 

The Phcenix Mine Co., Cornwall, per F. R. Mallet.—A series of specimens illustrating 

the washing and dressing of tin ore. 

The Caeyedeas Smelting Co., Truro, per F. R. Mallet.—A series illustrating the smelting 

of tin. 

Messes. Evans, Asken & Co., Birmingham, per F. R. Mallet.—A series illustrating 

the manufacture of nickel. 

Messes. Vivian & Sons, Swansea, per F. R. Mallet.—A series illustrating the smelting of 

copper. 

Messes. Vivian & Sons, Swansea, per F. R. Mallet.—A series illustrating the working of 

zinc ore. 

Pendleton Alum Co., Manchester, per F. R. Mallet.—A series illustrating the manu¬ 

facture of alum. 

Samuel Newbold & Co., Sheffield, perF. R. Mallet.—A series illustrating the manufacture 

of steel. 

Messes. Chance, Birmingham, per F. R. Mallet.—A sample of glass beginning to pass 

into the crystalline slate. 

Penrhyn Slate Works Co., N. Wales, per F. R. Mallet.—Specimens of slate and slating 

tools. 

Cyfartha Ieon Co., Merthyr Tydvil, per F. R. Mallet.—Specimens of iron and iron ores. 

Blaen Aeon Ieon Works, Monmouth, per F, R. Mallet.—Specimens of iron ores and 

limestone used in smelting. 

R. Mallet, Esq., per F. R. Mallet.—A series of volcanic specimens from Vesuvius and 

Etna, and of saline mienrals from Stassfurt. 

F. R. Mallet, Esq.—A series illustrating the manufacture of China clay. 

Captain Feyee, Moulmein.—Seven specimens of sub-fossil crabs from river bank near 

Tavoy. 

H. Woodwaed, Esq., London.—A cast of Eucladia Joknsoni, H. W. 

G. Mawe, Esq., London.—A collection of fossils from the Kimmeridge clay. 

The Royal Univeesity, Christiana.—A specimen of Sparagmit. 

Captain Feyee, Sandoway.—A splendid collection of 33 ancient stone implements, some 

of great size and perfection, from Burmah. 

„ „ A fine series of fossil crabs from river bank near Tavoy. 

„ „ Specimens of limestone, Septaria, &c., from Sandoway. 
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ACCESSIONS TO LIBRARY. 

From 1st January to 31st March 1872. 

71 

« 

Titles of Books. Donors. 

Baily, W. H.—Figures of Characteristic British Fossils, Part III, (1871.) 8vo., London. 

Bretschneider, E.—On the knowledge possessed by the ancient Chinese of the Arabs and 

Arabian Colonies and other W estern Colonies, (1871,) 8vo., 

London. 

Cocchi Igino.—Brevi Cenni sui Principali Instituti e Comitati Geologici e sul R. Comitato 

Geologico d’ Italia, (1871,) 4to., Firenze. 
Geological Society of Italy. 

Helland Amund.—Ertsforekomster i Soendhordland og gi'aa Karmeoen, (18/1,) 8vo., Chris¬ 

tiania. Royal University of Christiania. 

Hu nter, W. W.—Guide to the Orthography of Indian Proper names, with a list showing the 

true spelling of all post towns and villages in India, (1871,) fisc., 

Calcutta. Government of India. 

Jukes, J. B.—Letters and extracts from the addresses and occasional writings of J. Beete 

Jukes, (1871,) 8vo., London. 

Kjerulf, Prof. Th—Om Skuringsmoerker, Glaeialformationen og Terrasser, (1871,) 4to., 

Christiania. 

„ „ Om Trondhjems Stifts Geologi, (1871,) 8vo., Christiania. 

Royal University of Christiania. 

„ „ Undersoegelse af nogle Kulslags og Torv., (1870,) 8vo., Christiania. 

Royal University of Christiana. 

Markham, C.—Abstract of the Reports of the Surveys and other Geographical operations in 

India for 1869-70, (1871.) 8vo., London. India Office. 

Muir, J.—Original Sanskrit Texts on the Origin and History of the People of India, Yol. II, 

(1871,) 8vo., London. Government of India. 

Pettersen, Iyarl.—Profil Gjennem Reisenelvens Dalfcere udover Ulm og Kaagen til Lyn- 

genfjord, (1868,) 8vo., Christiania. 

Royal University of Christiania. 

Phillips, John.—Geology of Oxford and the valley of the Thames, (1871,) 8vo., Oxford. 

Sexe, S. A.—Gletscher-Experimenter, (1870,) 8vo., Christiania. 

Royal University of Christiania. 

„ „ Le Neve de Justedal et ses Glaciers, (1870,) 4to., Christiania. Ditto. 

Periodicals. 

American Journal of Science and Arts, 3rd Series, Yol. II, No. 11, (1871,) 8vo., New Haven. 

Annales des mines, 6th Series, Vol. XIX, Liv. 3, (1871,) Vol. XX, Liv. 4 and 5, (1871,) 8vo., 

Paris. L’Administr. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. VIII, No. 48,(1871,) 8vo., London. 

Annals of Indian Administration in the year 1870-71, Vol. XV, pt. II, (1871,) 8vo., 

Serampore. Government of India, 

Geological Magazine, Vol. VIII, No. 12, December, (1871,) 8vo., London. 
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Titles of Boohs. Donors. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Yol. Ill, Nos. 6 and 7, 

(1872,) 4to., Bombay. Government of India. 

Leonhard, G. und Geinitz, H. B.—Neues Jahrbuch fur Mineralogie, Geologie, und 

Palseontologie, Jahrgang, 1871, Heft VIII, (1871,) 8vo., 

Stuttgart. 

Lischke, De. C. E.—Novitates Conchologicse. Abbildung und Beschreibung neuer 

Concbylien. Supplement IV, Japaniscbe Meeres-Concbylien. 

Lieferung 9-12, 4to., Cassel. 

List of Civil Officers bolding gazetted appointments under the Government of India, as it 

stood on the 1st July 1871, (1872.) 8vo., Calcutta. 

Goveenment of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLII, No. 282, (1871,) 8vo„ London. 

Petekmann, De. A.—Geographische Mittheilungen. Band XVII, pt. II, 1871, 4to., Gotha. 

„ „ Geographische Mittheilungen, Supplement, No. 30, Australien in 

1871, (1871,) 4to„ Gotha. 

Tkoschel, De. F. H.—Archiv fur Naturgesehichte, Jahrgang XXXVII, Heft 2, (1871,) 

8vo., Berlin. 

GOVERNMENT SELECTIONS, &c. 

Bengal.—Annual Report on the administration of the territories under the Lieutenant 

Governor of Bengal during 1870-71, (1872,) 8vo., Calcutta. 

Government of Bengal. 

Blanford, H. F.—Report of the Meteorological Reporter to the Government of 

Bengal, 1870, (1871), Use., Calcutta. 

Government of Bengal. 

British Burma.—British Burma: General Department (Education). Report on public 

instruction for 1870-71, (1871,) 8vo., Rangoon. 

Chief Commissioner of British Burma. 

General Department (Sanitary). Report on sanitary administration for 

1870, (1872,) 8vo., Rangoon. 

Chief Commissioner of British Burma. 

Judicial Department. Report on Criminal and Civil Justice for 1870, 

(1872,) 8vo., Rangoon. 

Chief Commissioner of British Burma. 

Political Department. Report on the administration of Hill Tracts, North¬ 

ern Arakan, 1870-71, (1872,) 8vo., Rangoon. 

Chief Commissioner of British Burma. 

Revenue Department (Excise). Excise Report for 1870-71, (1872,) 8vo., 

Rangoon. Chief Commissioner of British Burma. 

India.—Montgomerie, Major T. G.—General Report on the operations of the Great Trigo¬ 

nometrical Survey of India during 1870-71, (1871,) Use., Debra 
X)oon. The Great Trigonometrical Survey. 
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Titles of Books. Donors. 

Mysore.—Report on the administration of Mysore for the year 1870-71, (1871,) 8vo., 

Bangalore. Chief Commissioner of Mysore. 

N. W. Provinces.—Report on the administration of the North-Western Provinces for the 

year 1870-71, (1872,) 8vo., Allahabad. 

Government of the N. W. Provinces. 

Punjab.—Report on the administration of the Punjab and its Dependencies for the year 

1870-71, (1871,) 8vo., Lahore. Government of the Punjab. 

TRANSACTIONS, &c. 
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Note on Maskat and Massandim on the east coast of Arabia, by W. T. Blanfoed, 

A. R. S. M., F. G. S., Deputy Superintendent, Geological Survey of India. 

The rocks of Maskat and of Els Massandim, (the latter being the hold projecting cape 

which forms the Arabian side of the straits of Hormuz at the entrance to the Persian Gulf,) 

have already been described by Dr. Carter in his memoir on the geology of the south-east coast 

of Arabia; the former from personal inspection, the latter from specimens and a description 

furnished by Lieutenant Coustable. In a recent voyage up the Persian Gulf, I had an oppor¬ 

tunity of visiting both these localities, and the result of my brief examination of them, 

whilst entirely confirming Dr. Carter’s account, enables me to add a few particulars of 

interest. 

Maskat.—The cove of Maskat, as mentioned by Dr, Cartel-, is surrounded by dark 

coloured serpentine rocks rising steeply from the water. But here and there stratification or 

foliation is very apparent; thus, on the west side of the harbour, the rocks have a distinct dip 

to the north at an angle of about 45°. Riding inland from the suburb of Matrak to a distance 

of two or three miles, I found that the serpentine passes gradually into hornblende-schist,* 

and I can only suggest that the rocks of Maskat probably beloug to the metamorphic series, 

which is mentioned by Carter as occurring in the form of granite, gneiss, diorite, &c., at 

several places on the south-east coast of Arabia. 

Upon the schists and serpentine rest beds of pale-coloured limestone, with calcareous 

sandstones, conglomerate and variegated clays with gypsum, just as described by Carter. 

The conglomerate contains pebbles of limestone, sandstone, quartzite, and a green quartzose 

rock coloured by chlorite. Amongst the limestone pebbles, some of a very dark colour 

contain traces of fossils resembling encrinite stems; these arc perhaps derived from rocks 

of the same series as those of Massandim. , 

I could find no fossils in the limestones, &c., at the place where I examined them, but 

their appearance is so similar to that of some of the nummulitic rocks of Sind that I 

should have classed them as probably nummulitic, even without the conclusive evidence 

furnished by Captain Newbold.f At the same time it struck me that some greyish overlying 

beds which I had not time to visit, but which are well seen on the coast north-west of 

Maskat, might belong to the newer tertiaries of the Makran group. J The little island ot 

Pahil appears to be of nummulitic limestone. 

Massetndini'.—The whole of the promontory which, jutting out from the Arabian Coast, 

closes in the southern portion of the Persian Gulf appears to consist of stratified dark- 

* It is doubtless a less schistose form ol' this rook which Dr. Carter calls diorite. 
t Jour. Bombay Br. It. A. S., Vol. Ill, pt. 1, p. 27. 
t See previous paper, p. 43, for the meaning of this term. 
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coloured limestone. I had an opportunity from the deck of the steamer of seeing the cape 

itself and the little island of Massandim, from which the whole promontory derives the 

name by which it is chiefly known. 

Subsequently in Khor-as-Shem, or Elphinstone Inlet of the old charts, formerly a 

telegraph station of the Persian Gulf Cable, I was enabled to examine the rocks more 

closely. 

They consist of black, brown, dark-grey, and dark-buff limestone, hard, compact, and 

intersected by veins of calcite, with a few comparatively thin and subordinate beds of shale 

and! sandstone. These rocks are distinctly stratified, the slight variations in the colouring 

of the different beds rendering the stratification distinct up to the very summit of the 

huge precipitous mountains which rise from the shores of the inlet. As a rule, the beds 

roll about with a moderate dip not exceeding 20°; in places there is much disturbance and 

contortion. The thickness of the beds must be very great; some of the mountains on the 

inlet arc said to be 6,000 feet high, and they evidently consist entirely of the dark limestone ; 

indeed no trace of any other rock was to be seen in the neighbourhood. 

Fossils are far from scarce in the limestone, but it is unusually difficult to find any in a 

state in which they can be recognised. Sections of shells, both univalves and bivalves, 

fragments of corals, and apparently of cucriuites, are to be found in several beds, but it was 

only after much search that I found anything which may possibly be identified. 

These fossils have been submitted to careful examination by I)r. P. Stolicr.ka, Paleonto¬ 

logist to the Geological Survey of India, who states: “The limestone contains several 

specimens of a Myophortn, externally very closely resembling M. ckenopus, Laube, from 

the St. Cassian beds, and indicating upper triassic strata. This is the only fossil which can 

be even approximately determined. It occurs socially, and together with some casts of 

Gcisfropoda, resembling Chemulizut. 

“A few casts of a Pelecypod resemble in shape Anoplophora, also a triassic genus. 

There are two valves of an Exogyra of the shape of the neocoinien E. conica. As far as I 

know, this type is unknown in the Trias. 

“ A few fragments of a Pecten, undeterminable, occur; and several fragments of an 

Asteroid coral.” 

I suspect that this great limestone-formation must occupy a considerable area in ‘Oman ; 

and it is far from improbable that it forms part of the great dark-coloured mountain ranges 

behind Maskat. This is the more probable, because Dr. Carter obtained through Mr. Cole 

of the Indian Navy specimens of similar limestone from the mountains near Eas-el-Had. 

The most remarkable circumstance about the Massandim promontory is its form. The 

inlet I visited, Khor-as-Shem, runs from the Persian Gulf for, I believe, seventeen miles into 

the heart of the hills ; it is about 17 to 20 fathoms deep throughout, and in many places even 

close up to the rocks on each side. It is only separated by a holt of land less than a mile 

broad from another inlet called Ghubot Ghuzirah (Malcolm’s Inlet of the old charts), which 

enters from the eastern side of the promontory in the Gulf of ‘Oman, and which is still 

deeper. Other inlets occur, all very deep, and immediately off the rocky coast is the deepest 

part of the Persian Gulf. There is a curious resemblance of these inlets to the fiords of 

Norway, but the latter are undoubtedly of glacial origin, whilst no such cause can be 

suggested in one of the very hottest regions of the whole surface of the globe. The sea 

could never excavate such land-locked basins as that of Khor-as-Shem, barely a mile across 

in places and 20 fathoms deep. I can only suppose that the peculiar form of this coast is the 

result of subsidence, that the inlets were valleys on the land produced in the usual manner 

by rain and streams and then sunk beneath the sea, The great depth of the Gulf of ‘Oman 
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off Maskat (2,000 fathoms) may point to a general and long continued subsidence along 

this coast, and, if so, it is curious to contrast it with the evidence of comparatively recent 

elevation on the opposite shores of Persia as noticed in a previous paper. 

Camp Gwadab, Biluchistan ; 7 

January, 1872. J 

An example op local jointing, by H. B. Medlicott, M. A., F. G. S., Deputy Superin¬ 

tendent, Geological Survey of India. 

Within the cantonments of Jabalpur, south of the civil station and of the city, there 

is a small group of hillocks, or steep bare roclc-masses, about fifty feet in height. The whole 

stand within an area of nearly one hundred and fifty acres, of which the protruding rock 

occupies about two-thirds, in three principal masses. They are locally known as the 

Ivattunga quarries; the sandstone being much valued and extensively worked for building 

stone. Its use for this purpose is greatly facilitated by the very perfect jointing by which 

the rock is traversed. The unique character of this feature in the great formation to which 

the sandstone belongs, and the peculiar petrographical circumstances of the rock in this 

locality, give some interest to the case as suggesting definite conditions to which the jointing 

is due. There is nothing new in the main cause thus educed, but so well-marked an instance 

of local action, or of secondary influences, may be worth recording. , 

The sandstone belongs to an upper member of a great series of rocks representing a 

well-defined period in the geology of India, beginning with the glacial deposits of the 

Talchir group, upon which rest the coal-measures, and ending with various groups hitherto 

included under the name Mahadeva. These strata, as a whole, are hut partially indurated 

and only slightly disturbed. Jabalpur stands upon a boundary of the formation running con¬ 

tinuously for 350 miles in an east-30°-north direction, along the valleys of the Narbada 

and tbe Son. In this neighbourhood the massive sandstones, irregularly associated with 

pale shady clays, are even softer than usual, weathering with well rounded outcrops and 

an undulating surface. It is difficult at first sight to believe that the sharply edged, cliffed 

rocks of the Kattungii hillocks can belong to the same formation. Looked at from the north- 

north-west or the south-south-east they would be taken for well-bedded vertical quartzites. 

In the annexed diagram (Fig. 1) a number (56) of observed hearings of the joint-planes 

are tabulated. Excluding only seven bearings, all in the north-east quadrant, the remainder 

WORTH 

Fig. 1,—Diagram showing bearings of joints in the sandstone of ICattnnga, Jabalpflr. 
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can be distributed into three groups. The numbers of observations in the two quadrants 

respectively do not at all represent the relative importance of the groups. The group C 

predominates greatly, dividing the whole rock-mass into cleanly separated vertical layers 

of from six inches to three and four feet in thickness. About an equal number of the cross¬ 

joints in the north-east quadrant were taken in order to obtain fair averages of their bearings 

among themselves. These cross-joints are much less regular than the main joints, often 

leaving unbroken spaces of thirty and forty feet: the planes, too, are less continuous, and 

frequently have a considerable underlie. 

It will be seen from the table that the three groups present a very satisfactory 

illustration of Professor Haughton’s explanation of joint-systems,* which assigns definite 

mechanical relations between the directions of the joint-planes traversing any mass of 

strata and those of the compressing forces that have affected them. The Primary system, 

generally the predominating one, following Sharpe’s law of cleavage, occurs at right angles 

to the main compressing force. The second system is determined at right angles to the 

Primary, and therefore at right angles to the direction of least compression, from which 

relation to the Primary it is called the Conjugate system. Other four systems, (respectively 

conjugate to each other) may be determined, related to the two main systems by the limiting 

angle of friction of the rock. There is no difficulty, for the case under notice, in assigning the 

direction of the compressing forces by which the rocks have been affected, and thus obtaining 

the key to*the induced rock-structure. Although, as a whole, these formations lie in their 

original position of deposition, there are many instances of even intense disturbance near the 

boundaries of the basin, where much of the compressing forces seems to have been expended, 

the yielding masses of the newer sedimentary deposits being here in contact with highly 

consolidated metamorphic rocks. Tbe flexures of the strata thus produced observe a very 

general parallelism to these boundaries. As already mentioned, the boundary upon which 

Jabalpur is situated has a very steady general bearing of about east-30°-north. In this 

immediate neighbourhood there is a single case of disturbance, and it conforms to the 

rule just indicated: at about half a mile to tbe south-east of the quarries there is a ridge 

formed of strata of the same formation dipping at 30° to south-3o°-east. The direction of 

the compressing forco being thus fixed, it is evident that tbe A group of joints, at right 

angles to that direction, represents very closely tbe Primary system; its mean bearing 

being 28°30' north of east. The group C, which is here the dominant one, then takes its 

place as the Conjugate system to A. Its mean range in the diagram is 23° 30' west of north, 

giving only 85° between it and A ; but this might evidently he brought much nearer to the 

normal by slightly limiting the range of the group to where the readings are concentrated. 

The group A would come in as a Secondary system to A1, the angle between them being 

22° 30'. Interpreted from this point of view, it would seem that the direction of the main 

joints C was determined at right angles to that of least compression. 

What it is chiefly desired to exhibit in this example is the conditions which seem to 

have produced so very local a peculiarity. It may, I think, he presumed that the power 

concerned was the shrinkage upon induration—a familiar agency in such phenomena; but it 

seems to have been seconded in an essential manner by local conditions, such as the texture, 

the homogeneity, the thickness, of these masses, or by their position upon a more rigid base. 

These determining secondary causes are, at least, suggested by the comparison of the 

Kattunga locality with others in the neighbourhood, where the induration is quite as great 

without similar jointing. Several such cases may he seen on the open ground to the east 

of the station, where there are a few scattered rocky hillocks, of about an acre in extent, 

formed of hard sandstone of the same age as the Ivattungd rock, but without regular 
jointing. 

* Phil. Trans, for 1858 and 1864. 
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The Kattunga sandstone is of moderately coarse texture. Although the stone is firm, the 

binding ingredient is in small proportion; there is a sprinkling of white clay, but not 

sufficient to fill the interstices of the grains ; the stone thus remains a freestone, dressing 

well under the chisel. From a cursory examination made by Mr. Tween, the cement would 

seem to be a slight infusion of silica; it is unaffected by ordinary solvents. The stone of 

the other hills is somewhat finer in graiu, with a full proportion of matrix, which, under the 

indurating action, assumes a porcellanic state. This highest induration seems confined to 

the parts along the few irregular joints that occur, but in the interior of the rough masses 

the stone is still quite as hard as that of Kattunga. 

From top to base of the Kattunga hills there is no sign of bedding. The lamination 

is, however, betrayed by slight variations in texture, showing the original lie of the rock and 

its undisturbed horizontality. There is no such massive bedding in the sandstone of the 

other hills; even shaly partings are not unfrequent. 

Such differences of texture, structure, and homogeneity might go far to explain the 

exceptional feature in the Kattunga rock; hut there is a peculiarity in its position that is 

worthy of notice in this connection. The main area of the formation lies to the south-south- 

east; and in the low ground to the north of the quarries the soft sandstones and shales are 

again found in well-sections under the alluvium; but at a short distance to the west there 

is a range of granite-hills, on the continuation of which, prolongations and inliers of the 

grauite weather out for some distance in the low ground close to the south of the quarry- 

hills. Thus it seems highly probable that the sandstone here is throughout underlaid almost 

immediately by the granite. At one spot this is fully seen, where a small promontory of 

sandstone crosses to the west of the city-branch of the Nagpur road, and rests upon a 

knoll of grauite. Directly coating the uneven surface of the granite there is here seen a 

variable bed of coarse arkose, now in a rusty and friable state ; its surface is conglomeritic. 

Upon this rests a two-feet bed of a very peculiar rock—a coarse mixed sandstone with an 

excess of earthy matrix in a highly indurated, porcellanic, condition; the whole shivered 

into most irregular blocks. This same quartzite is very extensively found along the base 

of the formation as a contact-rock; hut it also occurs near the boundary between soft earthy 

beds. In the section under notice it is immediately overlaid by a remnant, some fifteen feet 

thick, of the highly jointed sandstone. The hard but unjointed sandstone of the other locali¬ 

ties rests upon a considerable thickness of the unconsolidated sedimentaries. May it not 

he that the shrinkage in the latter cases was satisfied to some extent by external yielding; 

whereas in the Kattunga rock it had all to he accounted for within the mass P 

Although there is much reason to believe that the directions of those joint-systems 

were determined in accordance with the law expounded by Professor Haughton, it is neces¬ 

sary to suppose that even the Primary joints were here developed from a latent state by 

the same conditions that produced the main jointing, the compressing force not having 

been sufficient directly to complete this cleavage-jointing. 

20(h May, 1872. II. B. MEDLICOTT. 

A PEW ADDITIONAL REMARKS ON THE AXIAL GROUP OF WESTERN PrOME, by W. THEOBALD 

Esq., Geological Survey of India. 

Since the publication of my remarks on the axial group of Western Prorne, in the 

Becords of the Geological Survey, No. 2, 1871, the more extended examination of the neigh¬ 

bouring country has made it necessary to restrict the group within somewhat narrower limits 

than I had at first assigned to it; and I think I shall best convey an idea of the extent and 

scope of such limitation by briefly sketching the various steps by which our knowledge of 
these beds has been acquired. 
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In 186J, Mr. W. T. Hanford, who was then entrusted with the survey of Pegu, expressed 

an opinion, founded on the examination of the Bassein district, that the altered, or “ Hill 

rocks” as he termed them from their being confined to the hilly region wherein the Arakan 

range here becomes merged, were ns likely as not altered Nummulitic strata, notwithstanding 

the gene al difference in character between these “Hill-rocks” and the unaltered Nummulitics 

met with in the. plains and outer hills; though this view could not be corroborated by fossil 

evidence, as no fossils had then been detected in these “Hill-rocks.” 

A few years later I visited a portion of the ground surveyed by Mr. Blanford; the 

result being that I found myself unable cordially to assent to the above view of Mr. Blanford, 

and preferred to allow the point to remain an open one in the hope of some evidence of a 

more positive kind regarding the relation of the altered and unaltered rocks of Pegu being 

forthcoming in time elsewhere. About this time, my colleague, Mr. F. Feddeu, who was 

then working with me in Pegu, discovered some dark shales containing Foraminifera, (Oyer- 

culina) in a small stream, on the western side of the Arakan range, falling into the Gwa river, 

and this, with one more recently discovered, which I shall notice presently, is the only 

instance with which I am acquainted of fossils having been detected well within the area of 

the “Ilill-rocks.”* The isolated occurrence, however, of a few fossils, even the most charac¬ 

teristic, at a single spot would not have been conclusive as regarded the age of the group 

constituting the great mass of the Arakan hills; and little or no progress was therefore made 

towards the solution of the question of identity or not of the altered and unaltered rocks 

of the Arakan range up to the time of my writing my remarks on the axial group in the 

Records of 1871. When, therefore, I commenced work on the frontier in the season of 1869-70 

among the “ Axials ” as restricted by me, which are here so well displayed, and in such 

contrast to the Nummulitic group of the plains, I recognised, as I thought, a confirmation of 

the view to which I had always inclined—namely, the distinctness, geologically speaking, of 

the altered and unaltered rocks which had proved so puzzling in Bassein—and in commencing 

to follow up south the boundary of the Axial group and the Nummulitics, I not unreason¬ 

ably supposed that I was holding the clue to the true relations of the rocks in Bassein. At 

first of course all went satisfactorily enough, the nature of the ground considered, for I was 

dealing with a veritable geological boundary; but I had not got well out of thcProme district 

when I began to feel less satisfied with my work. It may he remembered that I described 

the upper or typical Axials as resting on a series of shales and sandstones which possessed 

much of the general aspect of the Hill-rocks met with to the south ; and I somewhat hastily, 

though with a great show of probability, concluded that they belonged to the same group, 

and that the fault, which, as I believed, brought in the upper Axials against the nummulitic 

strata in Prome, continued on and brought up the lower Axials in like manner to the south. 

By the time, however, 1 had reached the confines of the Bassein district, I became convinced 

that the boundary I was then following was illusory, that is, not a geological one, but merely 

one dividing the altered from the unaltered side of the same group, and which was becoming 

more and more vague towards tbo south, where, as Mr. Blanford had originally remarked, 

no separation was possible between these often dissimilar hut really geologically identical 

groups. Although I am now convinced in my own mind of the correctness of the view 

originally put forward by Mr. Blauford, I deemed it highly desirable, if possible, to procure 

some corroborative evidence. I had, it is true, failed to detect any fossils in any limestone 

I had yet examined within the area of the Hill-rocks; and this, coupled with the fact of 

nnmmulites being plentiful in many places among the unaltered beds, had much tended to 

strengthen my doubts of the view I was at length forced to adopt, but I determined to visit 

one spot where Mr. Blanford has marked limestone on the Pyennea Ckoung, ten miles west 

* The Banmi limestone contains corals and other fossils, but in a state that renders it doubtful if they can; 

be satisfactorily made out, 
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of the Bassein river, within the area of the Hill-rocks. At first this limestone seemed as 

devoid of fossils as most of the similar outcrops of the rock within the hills examined by 

me, but in one place I was rewarded by finding numerous small nummulites in it, which 

seemed to have escaped the molecular action, which, I presume, is the true cause for the 

general disappearance of fossils in the rock, and not its originally azoic character. Having 

thus satisfied myself that the “ Hill-rocks ” of Blanford comprising the southern portion 

of the Arakan range woro of Nummulitie age, and consequently distinct from the Axials 

of the Prome district, it became necessary to retrace my steps in order to discover where, 

in following down the line of altered rocks, I had, as it were, got shunted off the Axials on 

to the Nummulities. This point was very soon ascertained. The upper Axials, which are 

so well displayed on the frontier, hold their course continuously to within a short distance 

of the Thanni Cheung, a distance of forty-seven miles as the crow flies, from where they 

enter British territory, or a little above the parallel of Prpme. A few rolled lumps of the 

characteristic grits of the upper Axials may bo seen in the Thanni Choung, below the junction 

of a small stream, (the Thaybew Choung, not on map); but nowhere else can any evidence of 

the presence of this group he detected in the Thanni Choung, either above or below this spot. 

The upper Axials indeed stop here abruptly ; for, a very short distance up the Thaybew Choung 

the characteristic axial limestone comes in, from which I obtained numerous specimens of an 

ecluuoderm, unfortunately none of them in a state for identification. Thus far the boundary 

of the group is, I believe, a faulted one, hut here the fault would seem to die out and tho 

group to he covered up by the altered Hill-rocks of Nummulitie age. The rocks actually seen 

in the Thanni Choung do not give much assistance towards determining the question of their 

age. Just below the junction of the Thaybew Choung the shales are seen which may con¬ 

fidently he referred to tho Nummulitie group. Above the junction of the Thaybew Choung 

great disturbance and alteration of the beds is seen ; harsh indurated sandstones, vertical and 

much shattered and disturbed, occur, and above this spiot, sandstones and shales of the 

ordinary kind met with among the Hill-rocks. Now, for any direct evidence to the 

contrary, these might belong to either group; and their position is quite such as woidd 

identify them with the group of similar character underlying the upper or typical Axials. 

Thirty miles south of this is the village of Chin-na-gyec, where, in my note on the Axials, I 

thus described the boundary which 1 then supposed was tho junction of the two groups, and 

tlie continuation of that which in reality stops short of, and without crossing, the Thanni 

Choung. “ The stream above Chin-na-gyee seems to display mostly shales of the lower group, 

and just south of the village in the bed of the stream, highly altered sandstones come in of 

tho usual harsh character of so many beds belonging to this portion of the group. Not 

thirty yards below them comes in, quite unaltered, a calcareous sandstone profusely charged 

with nummulites. The boundary is here fixed within a few yards, and strikes through 

the centre of Chin-na-gyee village, and at this point would seem to completely cut out tho 

whole upper group” (of Axials). This section is merely a better and more sharply defined one 

than usual of the ordinary junction of the altered or Hill-rocks with the unaltered Num- 

mulitics ; and at the time I first visited it, I had no doubt of its being tho faulted boundary 

of the two groups (Axials and Nummulitios), instead of merely the boundary of that peculiar 

metamorphism which characterises the Hill-rocks, and which, the further we go south, 

seems more and more capriciously and irregularly developed. Of the lower Axials, now 

that all the Ilill-roeks to the south are separated from them, we know very little. The 

country occupied by them being, without any figure of speech, most impracticable. From 

the point near the Thanni Choung, where the group terminates, the boundary recedes to 

the westward along the watershed separating the Thanni Chouug from tho Muday Choung 

to the north. This is indicated in the map by a dividing range, which gives a very 

inaccurate conception of the physical aspect of the country, though it may, very pro¬ 

bably, correctly enough mark the actual watershed. Nattoung, a conical hill capped 
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with serpentine, is situated between the Thanni and Muday streams, at almost the extremity 

of the axial area. It is steeply scarped on three sides, but is accessible on the north-north¬ 

east by a steep spur. From the summit a fine view is obtained of the ground intervening 

between it and the main Yomah range, but which being intersected by no considerable 

stream, totally uninhabited and covered with virgin forest, is quite impossible to explore; 

and it is not till the western side of the Arakan range and the Akyab district comes 

under survey that more details of the Axial group can be looked for; and even then the 

difficulties presented by the wild, forest-clad and uninhabited nature of the country in 

question will for many years act as a complete bar to anything like a full and satis¬ 

factory examination of the ground. It is beyond the aim of my present note to enter 

on tho relations, as far as known, of the Axial group to the westward, and I will content 

myself with a brief recapitulation of tho main points now established. 

1*#.—The Axial group extends down into Pegu, a distance of about forty-seven miles 

from the frontier; tbe boundary on the eastern or Pegu side of the Arakan range being a 

faulted one, having a strong upthrow to the west, whereby the upper Axials are brought into 

contact with the Nummulitic group. 

2nd.—There is no evidence that any portion of this group passes south of the Thanni 

Choung, though the precise boundary between the lower Axials and the “ Hill-rocks ” or 

altered Nummulitics is obscure and at present only provisionally determined. 

ore/.—On the western side of the range, a great thickness of beds intervenes between 

the Axial group and the Nummulitics, amongst which the presence of cretaceous rocks is 

shown by the occurrence of Ammonites rostratus, Sow., near Maie. These cretaceous strata 

certainly extend as far south as Ivaintali, but being in tbe province of Arakan, have only 

received a very cursory examination. 

Mag, 1872. 

Sketch of the Geology of the Bomeay Presidency, by William T. Blanfokd, 

P. (1. 8., Deputy Superintendent, Geological Surrey of India. 

The Bombay Presidency consists geologically, as well as physically, of two parts. The 

north-western of these consists of Sind, Kaehh and Gujrat; the south-western comprises the 

Maratha country. Roughly the river Narbada (Nerbudda) may be said to divide tbe two 

regions. A part of the distinction is climatic, the north-eastern division being, to a great 

extent, beyond tbe area of the periodical monsoon rains, but. the essential differences are due 

to the very dissimilar geological formations of which the two regions consist. 

The geology of the Maratha country is for tho most part of the simplest kind, by far 

the greater portion of the surface being composed of nearly horizontal strata of basalt 

and similar rocks. Hence the peculiar features of the country, the extensive plateaus, tho 

long hog-backed hills, the terraces on tlieir sides, and the black precipices which in so many 

places almost cut off communication with the low ground. Hence also the fertility of the 

soil which covers the country, and its adaptation to the growth of cereals, pulse, and cotton ; 

and to the same cause may be attributed the thinness and stunted growth of the forests 

except in a few favoured localities. 

The rocks of the Bouibay-Deccan are precisely similar to those of neighbouring portions of 

the Indian peninsula.* India proper in its geology stands as strikingly aloof from neighbouring 

portions of Asia as it does in its ethnology and zoology. But the rocks of Gujrat, Kaehh and 

Sind, are only partially represented in the Indian peninsula, and must rather bo considered as 

* By India I mean the country of the Hindu races. To call Burma, the Malay peninsula, Siam and Cochin 
China, and, still worse, Java, Sumatra, and Borneo, India appears to me a scientific blunder. The countries have no 
geographical, geological, ethnological, nor zoological connection with India proper. 
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belonging to Continental Asia, being continuous, as was long since shown by Dr. Carter, with 

the formations found in Persia and Arabia. To the northward the Sind rocks extend to the 

foot of the Himalayas. 

To this striking change in the geology is due to no small extent the difference in the 

physical features of the countries north-west of Gujrat. Instead of plateaus covered by 

black soil, we find undulating sandy plains with scattered craggy hills; the immense alluvial 

flats to the north of Kachh and Gujrat are for the most part deserts of blown sand, and the 

fertile country consists of a belt, rapidly diminishing in breadth to the westward, along the 

borders of the sea; its verdure is due to the humidity caused by the neighbouring ocean. In 

Sind even this eeases, and the country, except on the banks of the Indus, or where reclaimed 

by irrigation, is an arid tract of gravel and sand from which arise the steep scarps of lime¬ 

stone ranges. 

In the ensuing brief description of the different groups of rocks found in the Bombay 

Presidency, it will be seen that each system is mainly developed in one or the other of these 

two great divisions. The only important exception is in the motamorphks rocks at the base 

of the whole geological series. The basaltie traps extend into Kattiawar and Kachh, but 

they occupy but a small area. The division of course is not absolute, but it is evident that, 

as has been suggested by Professor Huxley, the Indian peninsula has had, during the later 

geological epochs, a different history from the country to the north-west. In the following 

list of formations the Indian classification has been adopted, partly in order to show the 

relations of the various beds of Sind and Kachh to those of the Indian peninsula, partly 

because the usual European classification is quite inapplicable to the latter; for it is as yet 

a moot point whether the great Deccan trappean series is secondary or tertiary, and the 

European equivalents of the Vindhyan series are unknown with any accuracy. 

The following is a list of the formations found in the Bombay Presidency and its 

dependencies in descending order:— 

YI.—Later tertiary and recent 

V.—Older tertiary or nummulitic | 

fl- 
2. 

3. 
4. 

5. 

6. 
17. 

r1- 

IY.—Deccan series 

III.—Oolitic series 

II.—Vindhyan series 

i 2' 
13- 

1. 
2. 
3. 

u, 

~li 
... i. 

Black soil. 

Littoral concreto. 

Alluvium of Sind, Kachh, and Gujrat. 

Laterite of the Konkau. 

Surface gravels of Sind. 

Ossiferous gravels of river valleys. 

Upper tertiaries of Kattiawar and Kachh. 

Older tertiaries of Surat, Bharoch, Kattiawar, 

Kachh, and Sind. 

Periin Island bone beds. 

Laterite of the Deccan. 

Deccan traps. 
Intertrappean beds of Bombay. 

Ditto of Dewad, Nagpur, Narbada valley, &c. 

Cretaceous beds of Bagh. 

Jurassic rocks of Kachh: upper. 

Ditto ditto : lower. 

“ Diamond limestone” and sandstone of Bel¬ 

gium, Kaladghi, and Ratnagixi. 

I.—Submetamorphic and meta- C 1. Champanir beds. 
morphic. 12. Granite, gneiss, mica schist, &c. 

These are all which are actually known to occur in the area to which the present notice 

relates and its immediate vicinity; but in order to explain them, it will be needful occasionally 
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to make brief reference to strata found in adjoining districts. In proceeding to give a 

brief description of these various formations and of their distribution in the Bombay 

Presidency, I shall, as is customary and most convenient, commence with the oldest. 

I.—METAMORPHIC AND SUBMETAMORPHIC SERIES. 

1. Metamorphic rocks.—Under this heading are classed together all the crystalline 

formations, granite, syenite, diorite, Sfc., gneiss, hornblende-schist, mica-schist, quartzite, 

crystalline limestone, Sfc., whether laminated or not. It is possible that veins of granite, 

syenite, and diorite may exist of later date than the metamorphism of the gneiss, hut none have 

been met with as yet of which the later origin can be proved ; and the majority of such veins 

are clearly contemporaneous with the metamorphic action, whilst throughout India wher¬ 

ever extensive areas of granite have been examined with care, the rock has been found to 

pass gradually into gneiss or schist on its edges, or here and there throughout the tract of 

country composed of it. The only exceptions to the rule of the apparent contemporaneity 

of the granite and gneiss are in the granitic masses found associated with submetamorphic 

rocks in places. But the relations of these submetamorphic rocks themselves to the gneiss 

and its associates arc far from clear. 

Veins and irregular masses of greenstone (diorite) ai'o similarly found passing into hom- 

blendic gneiss. There are, however, in places trap dykes of later age contemporaneous with 

the Deccan traps or other outbursts ; but many of the dykes which intersect the crystalline 

rocks are evidently of very old date, because they do not penetrate the supeijaccnt strata. 

It is quite possible that several series of rocks of widely differing ages are included in the 

metamorphic formations of India, and Mr. H. B. Medlicott has pointed out some facts in favor 

of such a division amongst the crystalline rooks of Bengal* But until these have been traced 

out more completely than has hitherto been practicable, it is necessary to class all together. 

Metamorphic rocks cover a much smaller area in the Bombay Presidency than they do 

in most other parts of India. None are known to occur in Sind or Kackh, but north of the 

IJan of Kackh, they are seen at Nagar Parkar, and thence stretch to the eastward towards 

mount Abu which is.composed of them. They occupy a large tract in northern Kattiawar, 

including Girnar hill, which is their southern limit; they are also found close to Palitana and 

in the neighbourhood of Gogo, but the detailed geology of this country and of the regious 

to the north is very imperfectly known. East of the great alluvial flat which extends north¬ 

ward from the Gulf of Khumbayat (Cambay) metamorphic rocks of a highly granitic 

character occupy the country about Idar, and occur throughout a considerable tract around 

Godoa and Ckota Udcpiir in the Rewa Kanta, but they are covered up by sandstone and 

trap to the south, and nowhere in this direction reach the river Narbada, whilst east of 

Baroda, near Ckampamr, they are replaced by the other rocks to he presently, described. 

From the Narbada to the southward metamorphic formations are unknownf within the 

limits of the Bombay Presidency until the southernmost districts are reached, in which 

they again appear, and they occupy nearly the whole western portion of the Indian 

peninsula from this limit to Cape Comorin. On the coast they emerge from beneath the 

higher formations just north of Malwan, and nearly the whole of Sawantwadi, the Goa 

territory, and North ivauara is composed oi them, their surface being frequently concealed 

by thick deposits of laterite. In the high table-land east of the ghats, the southern part 

of Belgium, the south-eastern corner of Kaladghi, and nearly the whole of Dharwar consists 
of these formations. 

* Records, Geological Survey of India, Vol. II, p. 40. 

f In Greenough’s geological map of India granite is represented as occurring in three places in the trap area 
of the Deccan. These places are close to Elura (Aurangabad), Satara, and Kolhapfir respectively. It appears 
doubtful whether these granitic inliers really exist. There is one small patch close to Phonda in the Konkan, 
twenty-five miles south-west of Kolhapur, but this is far from the position indicated by Greenough. 
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SUBMETAMORPHICS—CHAMPANIB BEDS. 

The classification of such Indian rocks as are distinguished from the gneiss and its 

associated formations by partial or total absence of metamorphism, and yet are of greater age 

than the Viudhyan series, is extremely imperfect. It is uncertain how far the various local 

groups represent each other, and to what extent any or all of them are the less altered 

of the true metamorpkic rocks. 

The only known occurrence of these submetamorphic rocks within the Bombay area is 

near the ruined town of Champanir at the foot of Pawagark hill, east of Baroda. These 

beds occupy an area stretching for about twenty miles east from tho hill (which is of trap) and 

for a considerable but unknown distance to the north. The principal constituent formations 

are quartzites or rocks intermediate between quartzite and sandstone conglomerates : slates 

and limestones also occur in considerable quantities, and ferruginous bands, some of them 

chiefly consisting of magnetic iron ore, occasionally. The limestone is sometimes quite un¬ 

altered, but in places it is highly crystalline, and at one spot near tho village of Kadwal, it 

contains fine crystals of actinolito. The most characteristic beds arc perhaps the conglomerates, 

the matrix of which is a coarse sandstone, containing pebbles and rounded blocks of granite, 

quartzite, talcose slate and crystalline limestone, some of which, especially those of limestone, 

have a diameter of a foot or more. All the finer argillaceous beds exhibit cleavage, and 

some of the slate is so fissile that it might probably he employed for roofing purposes. On 

their southern boundary these beds appear to pass by gradual transition into the true 

metamorphies. 

The relations of the Champamr group, as these beds have been provisionally named, 

to the other submetamorphic beds, remain hitherto somewhat obscure, but they are perhaps 

the representatives of the Gwalior series (see Records, Geological Survey of India, Vol. Ill, 

p. 33). Prom tho Bijawar rocks of Bandelkhand and the Narbada valley they differ much 

in mineral character. 

II.—Vindiiyan Seeies. 

Tho rocks to which the general term Yindhyan has been applied from their extensive 

development in the Yindhyan plateau north of the Narbada consist of sandstones (occa¬ 

sionally so hard as to assume a semi-vitreous appearance and to approach quartzite in 

character), limestones and shales, and are very often distinguished by a more or less pink 

or purplish colour, less frequently seen in tho limestones than in tho other rocks ot the 

series. These beds arc separated by a well-marked geological break, the evidence of which 

is found in extensive unconformity, from all the earlier formations. They are divided into 

two principal groups, an upper and lower one, the former of which, comprising the typical 

Tara sandstone, Kattra shales, and Panna sandstone of Dr. Carter, and the Bhanrer, Rewa, 

and Kaimur groups of the Geological Survey' classification, occupies an immense tract 

in Malwa and Bandelkhand, whilst the latter is only found here and there upon its borders. 

Very large areas in the Mahauadi, Godavari, Krishna, and Penner vallies are occupied 

by sandstones and sandstone-quartzites, limestones and shales closely resembling the 

Bandelkhand rocks in mineral character, but more nearly allied to the lower than to the upper 

sub-division. They are identical with the diamond-sandstone and limestone of the earlier 

Indian geologists,* and were included by Dr. Carter in bis Oolitic series, together with the 

important formations hereafter to be mentioned. Unfortunately, no well authenticated 

fossil, animal or vegetable, has hitherto been obtained from these beds, the few supposed 

organic remains which have been recorded as occurring in them being either of a very 

doubtful nature or else derived from strata of later date. The geological age of the 

* The diamond sandstone, however, as described by Voyscy and Malcolmson, comprised formations which have 

now been ascertained to belong to a series of much more recent date than the Vindhyans. 
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Vindhyans is therefore obscure, all that can he safely asserted being that they cannot he 

more recent than the middle palaeozoic rocks of Europe, whilst they may be considerably 

more ancient. 

The Bandelkhand Vindhyan area is entirely outside of the Bombay Presidency, its 

south-western corner being at Barwai in the Narbada valley, but the representatives 

of the same series in tho Krishna valley and its vicinity occupy a well marked belt, locally 

of considerable width in the southern part of the Presidency, intervening between the 

trap and tho metamorphie rocks. These hods appear on the west coast at Ochra, a little 

north of Mai wan. They are well seen at the foot of the Phonda ghat, and consist of 

hardened sandstone approaching quartzite, white, yellow, or pink in colour, and shales. 

The surface is very uneven, and had evidently suffered greatly from denudation of an irregular 

kind before it was covered by trap; hence their distribution at the base of the volcanic 

series is very irregular. 

Above the gli&ts the quartzites reappear in the south of the Kolapur territory, and 

extend eastwards in a hand of very variable width across the southern parts of the Belgaou 

and Kaladghi districts into the Nizam’s dominions. 

On its northern side this belt of country is hounded in most parts by the extremely 

ragged southern edge of tho Deccan trap-area. To the south it is bounded for some 

distance by the trap, but after that by the northern edge of the great gneiss-area of 

Madras. A little oast of where those rocks cross the Krishna river, thirty miles east-north¬ 

east of lvaladghi, the continuity of the belt is broken for a short distance; but another 

series of quartzites, shales, and limestones is met with at Mudehehal, and stretches away to 

the north-east into tho Nizam’s territory to the neighbourhood of Gulbarga. 

In the central part of tho area around Kaladghi the quartzites are overlaid by a great 

thickness of limestones and shales; above these, again, comes a considerable quartzite 

series, which in its turn is overlaid by another set of limestones and shales. These different 

limestones, &c., occupy a considerable area in the valley of the Gatparba, both east and west of 

Kaladghi. The limestones are generally subcrystalline and of various degrees of purity; 

they are often highly silicious, and many beds are very argillaceous—indeed often pass into 

calcareous shale. 

The lower quartzites are considerably tilted along the greater part of the southern 

boundary and form a fringing ridge, with an abrupt scarp, overlooking tho gneiss area. 

Tho basement beds of the lower quartzite series contain many very remarkable con¬ 

glomerate beds; tho included pebbles being of banded jasper, quartz and felspar, derived 

from the gneissic series. 

Some few beds of jaspery haematite-schist occur in the lower quartzite series in Balgi 
ridge north of Kaladghi. 

Where tho beds are lying quite undisturbed and horizontal they have not assumed the 

character of quartzites, but are true sandstones, hut, wherever disturbed, tho metamorphosing 

effect of pressure has changed them into more or less perfect quartzites. Two of the most 

beautiful and interesting scenes in Western India—the falls of the Gatparba at Gokak and 

the l' Naul Tirth” (the peacock’s bath) in the gorge of the Malparba river near Manoli—are 

due to the peculiar position of the lower part of the quartzites. 

The series of quartzites which lies near Mudehehal eastward of the break above referred 

1o differs from the Kaladghi series in several important points; the former consists of a thin 

basement-bed of pebbly sandstone overlaid by shaly sandstones, and these again capped by 



PART 3.] Blanford: Geology of Bombay Presidency. 87 

limestones; the whole, as far as seen near Mudebehal and Talikot, not exceeding 200 feet 

in thickness. The Kaladghi beds are of far greater thickness; the basement quartzites 

and conglomerates alone being many hundred feet thick; over which comes a great thickness 

of brecciated quartzite followed by the two great limestone and shale series above described 

and the upper quartzites which divide them. 

The limestones also differ in character, those occurring at and around Talikot being 

fine-grained lithographic limestones with few inclusions of chert, while those at Kaladghi 

are subcrystalline and full of chert both in laminae and in irregular nodular masses. 

Prom the differences above enumerated, it appears reasonable to conclude that the 

Mudebehal and Talikot beds are not continuations of those around Kaladghi, but 

members of another, and from its lesser degree of metamorphism in all probability a 

younger system of rocks. This conclusion is strengthened by the fact that the quartzitic 

groups in the Madras Presidency are referable to two series—the lower or Kadapa series, 

probably representing the Gwalior series of Upper India, and the upper or Karntil scries, 

representing the Lower Viudhyans. Por convenience of description, the name of the town 

Kaladghi has been given to the series of beds occupying so large an area of the Gatparba 

valley, and that of the Bhlma series to the Mudebehal and Talikot beds, as they are far 

more extensively developed in the valley of the Bhlma river. The beds at the base of 

Phonda ghSt belong to the Kaladghi group. 

Above the Yindhyans there is found in Central India and Bengal a most important 

series of formations, to a portion of which the only coal beds worked on the Indian Peninsula 

belong. The various groups, including the Talehir, Damtida, Panchet, Maliadeva, &c., 

are largely developed in the Central Provinces ; but all disappear below the traps far to the 

east of the Bombay Presidency, and none of them have hitherto been detected along the 

southern edge of the trap area in Belgium, Dharwar, and Ratnagiri. 

The absence throughout the Bombay Presidency of the coal-hearing Damfida groups, so 

widely spread in the Central Provinces and South-Western Bengal, is a serious drawback to 

the commercial prosperity of the country, and, coupled with the rapidly progressing des¬ 

truction of the forests, threatens to leave a large portion of that Presidency as destitute of 

fuel as the Pan jab and parts of Madras. There appears to he but little hope of the dis¬ 

covery of useful coal in Western India in any large quantity. 

III.—Oolitic Series. 

The rocks of Kachh, first described by Captain Grant, have lately been examined by 

the Geological Survey. The formations below the trap occupy the northern half of the 

province and the hilly parts of the island in the Ran, and consist of two groups, the lower of 

which is distinguished by a prevalence of argillaceous beds, with which sandstones and lime¬ 

stones are intercalated, the upper group is marked by a predominance of coarse sandstone. 

The shales of the lower group vary in colour and consistency, and they sometimes 

contain gypsum. Ferruginous bands are less common than they are in the upper beds. 

Locally, fossil shells, always of marine forms, are common in these rocks. 

The sandstones of the upper group are white and felspathic, except towards the base, 

where they are brown in colour, and abound in ferruginous bauds and nodules. Throughout 

the whole, but far more sparingly than in the lower group, shales are scattered, containing 

plant remains, often fragmentary and undefined, but, when recognizable, consisting chiefly of 

cycads and ferns. Some of the shales are carbonaceous, and in a few localities, as at Trombo 

north of Blulj, lliin seams of coal have been met with, but none hitherto discovered have 

been sufficiently thick to repay extraction. 
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These two groups, although contrasting in some respects, have much in common, most 

of the beds in each being similar to some in the other; nor can any absolute line of separa¬ 

tion be drawn between them. As a rule, the marine fossils are peculiar to the lower and the 

plants to the upper group; but exceptions occur, and interstratifications of shale containing 

plants have been found between beds rich in marine fossils near Chari in the lower group; 

whilst, in the western part of Kachh, bands with marine fossils are intercalated in the upper. 

It is evident, therefore, that both form a continuous series without any important break, 

and that they are not of different geological epochs. The age is shown by the numerous 

marine fossils comprising many species of Ammonites, Belemnitcs, Pleurotomaria, Astarte, 

Avicula, Germllia, Lima, Nucnla, Opts, Ostrea, Pholadomya, Plieatula, Triyonia, Bhyn- 

ekonella, Terebratula, Sfc., to be of middle and upper jurassic age, some of the species being 

identical with those common in the same groups of Europe. The plant-fossils, on the other 

hand—including three species of Palaozamia, some conifers, resembling Brackyphyllum, 

Taxodites and Walchia, a Tamiopteris, and a Sphenopieris—are for the most part identical 

with those found in the beds intercalated with the lowest beds of trap iu the Rajmahal hills 

of Bengal, and in some clays occurring beneath the cretaceous beds of the neighbourhood of 

Trichinopoly and at Sriparmatur near Madras. 

The whole thickness of the jurassic beds of Kachh, so far as they are seen, has been 

estimated by Mr. Wynne at 6,300 feet, of which 3,000 may be allowed for the upper group; 

but it should be borne in mind that this does not give the whole original vertical extent of 

the series, since their base is nowhere seen, and their upper surface had undergone denudation 

before being covered up by the trap. 

It is not known that the Oolitic formations occur iu the Bombay Presidency and its 

dependencies beyond the limits of Kachh. Some representatives of them may perhaps be 

found in northern Kathiawar or in the neighbourhood of Disa, but none appear as yet to 

have been made known. Dr. Impey near Jaisahnir (Jeysulmeer) found, in a well, some ammo¬ 

nites which Dr. Carter thought might be of jurassic age, but in fact the geology of Western 

Eajputana and of the countries lying north of Kachh is very little known. 

IV.—Deccan Sebies. 

Lameta and Pdgh beds.—The next great series in ascending order is far more import¬ 

ant iu Western India than any of those inferior to it in position, and it covers as large an 

area in the Bombay Presidency and its dependencies as all other formations together. The 

greater portion is of volcanic origin, consisting of stratified basaltic or earthy traps, hut at 

the base of the igneous rocks, there is in the Narbada valley, a very interesting group of 

sedimentary beds, which, from their geological relations, must be classed iu the same series. 

These are the cretaceous strata of Bagh, Chota Udepur, and llajpipla. 

In many places to the eastward, there is found at the base of the traps a bed of impure, 

earthy or gritty limestone, frequently containing pebbles, and passing occasionally into a sand¬ 

stone or conglomerate. It has been traced throughout a considerable portion of the 

Narbada valley and the country around Nagpur. To this formation the name of Lameta 

was given by Mr. J. G. Medlicott from its occurrence at Lameta ghat on the Narbada near 

Jabalpur, and it was at one time supposed to represent, in part, the massive sandstones of the 

Mabsideo hills around Pachmari. This has now been disproved, but it appears highly 

probable that the Lameta bed is the equivalent of the limestones and sandstones of Bagh. 

Wherever this iufra-trappean formation occurs, its close connection with tho overlying 

traps is manifest. The Lameta group is apparently of fresh water origin, having in all 

likelihood been deposited in lakes formed by the damming up of vallies by the first flows 

of la-va, and it is therefore similar in its mode, of deposition to the inter-trappean beds to he 

presently noticed. Fossils arc but rarely found in it; the few that have been obtained are 
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fresh-water shells, reptilian bones (?) and wood. But although it is evidently of different origin 

from the Bagh group, its similarity in mineral character to the uppermost bed of the latter 

is most striking, and there is also great resemblance ill the conformity of both Lameta and 

Bagh beds to the overlying trap, although this character is less striking in the Bagh beds in 

consequence of local unconformity. 

Numerous small patches of infra-trappean rooks occur along the southern boundary of 

the Deccan trap in Belgaon and Kaladghi districts. They rest either on the Vindhyan or the 

g-neissic rocks, and arc invariably of small thickness, rarely exceeding 6 or 8 feet, and generally 

of even much less thickness. The hods consist generally of soft sandstones or marly sand 

with numerous quartzite and a few gneissic pebbles. The top of the beds just below the 

trap is most frequently stained of a rich red from the presence of red bole. In the only 

case, near Ivaladghi, in which fossils were found in these infra-trappean beds, they were 

of fresh water types—Physa, Lymnea, and Unio. It is still uncertain whether these are 

true representatives of the Lameta group, or only local overlaps of the inter-trappeans. 

The Bagh beds consist of limestone or calcareous shales and sandstone, the former being 

almost always above the latter. The ‘ coralline limestone,’ which first attracted attention to 

them from the blocks in the ruined buildings of Mandii near Mohu (Mhow), is a red 

or yellow rock mainly composed of fragments of marine shells and bryozoa. The source of 

the blocks at Mandu was long unknown, but was in 1856 traced by Colonel (then Captain) 

Iveatingc to Cherakhan, about twenty-five miles east of Bagh. This peculiar rock forms the 

highest bed of the group over a small area east of Bagh, but it is not seen near that town, and 

is only very imperfectly represented to the westward. 

At Bagh itself, 20 or 30 feet of nodular limestone rests on 80 or 100 feet of sandstone, 

which is in places conglomeratic and sometimes argillaceous or shaly. To the west in 

Alirajpur and Chota. Udcpiir, the mass of the cretaceous rocks consists of coarse sandstones 

and conglomerates, capped by gritty limestone or calcareous shales. In the Dcva valley' near 

Dumkhal in the northern part of the Bajpipla hills, a section of 500 feet of these 

calcareous shales is seen resting upon an even greater thickness of sandstones, but to the 

north the group becomes of much smaller dimensions ; like the Lametas, the uppermost beds 

frequently abound in chert. 

The traps in general rest conformably upon the Bagh beds, but there is much local 

unconformity, showing that the latter had in places undergone considerable denudation 

before they were covered by the volcanic rocks. From the nature of this denudation there 

can be but little doubt that it was subaerial, and that the marine beds of Bagh had been 

raised above the sea and subjected to the action of rain and streams before their surface was 

encased in the overflowing trap. 

The fossils found near Bagh arc unmistakeably cretaceous; and Dr. Martin Duncan 

has shown that the Echinoderms found at Cherakhan are mostly identical with species found 

in the Upper Greensand (Cenomauien) of Europe. A few specimens are met with farther 

west, hut less abundantly. The most common to the west are species of Oxtrea, but teeth of 

Sharks, Pecten 4-costatus, and Hcmiaster, also occur occasionally. 

In the lower Narbada valley the cretaceous beds fringe the trap, and are occasionally 

exposed within the area of the volcanic rocks. The principal inliers to the westwards in 

the Eewa Kanta are near the town of Kawat, and a large one exists in the Deva valley in 

Rajpipla south ol( the Narbada; whilst on the edge of the traps, a tract covered by these beds, 

fourteen miles long from north to south by ten miles broad, is met with a low miles south¬ 

east of Baroda near the villages of Wasna, Talakwara, and Gandeshwar. 

Stratified traps.—These rocks have engaged tlio attention of nearly all the geologists 

who have written upon Western India. Their thickness, peculiar appearance, and extent 

render them the most conspicuous geological feature of the country. 



Records of the Geol.oiji.cul Survey if India. [VOL. V. yo 

Lithologically the trap rocks consist principally of various kinds of dolerite, rich in 

augite, the prevailing forms being compact basalt, anamesite, and more or less earthy amyg¬ 

daloid. Two of the most characteristic rocks are a porphyritic basalt containing tabular 

crystals of glassy' felspar, and an amygdaloidal earthy trap abounding in small nodules of 

agate and zeolite surrounded by green-earth; the latter of these is exceedingiy abundant. 

Some of the amygdaloids contain great quantities of zeolites and allied minerals; of these 

the most abundant are Apop/iyllite, Stilbite, Heulandite, Scolecite, and Laumonite. 

Besides these Chalasite, Hypostillite, and Thomsonite occur, but they are rare, and I have 

once seen Prehnite. The ApopliylUte is finer than at any other known locality, and of 

various colours, white, green, and pink. A great variety of agates and of other forms of 

silica, such as bloodstone, are also met with filling cavities or forming small veins in the 

rock. 

The traps of the trachytic group in which felspar predominates, and which may he 

recognised by their pale color, are much less common, and are in fact only met with in a 

few localities, as at Dliaravi in Bombay Island, Powagarh hill, east of Baroda, &c. They are 

usually ashy or earthy, but sometimes crystalline. 

The whole series of Deccan traps is regularly stratified in beds, or, to speak more correctly, 

flows, varying from 5 or 6 feet to npwards of 200 in thickness. The average in two roughly 

measured sections on the railway-inclines of the Tol (Thull) and Bhor ghats is apparently 

87 and G4 feat respectively, hut really’ less, because the distinction between any two beds 

can, in general, only be made out by mineral characters, and if, as frequently happens, two 

successive strata present no lithological differences, they are liable to bo classed together as 

one. Many apparently massive strata of amygdaloid really consist of a number of separate 

flows from 6 to 10 feet thick, and it is doubtful if the average thickness of the strata exceed 

20 to 30 feet. 

A remarkable horizontality prevails throughout the greater portion of the trap area, the 

most important exceptions being in the Rajpipla hills, and the ranges immediately north of the 

Narbada, in parts of the Satpura hills north of Kkaudesh, and along the coast from some 

distance south of Bombay' to Daman. In these exceptional areas the dips are clearly duo 

to disturbance subsequent in date to the consolidation of the rocks, for sedimentary beds, 

which must originally have been horizontal, have shared in the movement. It is thus clear 

that throughout the area the traps must have originally been very nearly level. 

Yet there can bo no question but that these rocks are of volcanic origin. In many 

places beds of breccia are interstratified, which must originally have consisted of volcanic ash. 

Some arc met with on the northern part of the Bombay Island, at Sion hill, Palshachi hill, 

Flagstaff, and Itai hills, and more in Salsetto, the caves of Kanban being excavated in one of 

them. Several beds are cut through on the Karaatkd ghat on the road from Piinah to 

Mahableshwar, and a very conspicuous instance may bo seen at the lower gateway of the 

bill fort of Singurh near Piinah. Indeed with a little search similar beds may be found 

almost anywhere in the trap country’. When weathered, the resemblance of these breccias, 

with their enclosed scoriaceous blocks, to the ash beds of old volcanic cones is so exact that 

no doubt can remain as to their being of identical origin. The red bole which so frequently 

occurs interstratified with the traps may also be an ash, as it is intermixed with scoria) in 

places, but it sometimes hears the appearance of having been rearranged by water. It 

should not be forgotten that the blocks which were originally vesicular or scoriaceous are now 

amygdaloidal, the hollows in them having been filled by infiltration. 

But whilst the volcanic origin of the Deccan traps is unquestionable, their horizontality 

and regularity of stratification render them very unlike the accumulations of volcanic rocks 

now forming in countries in which igneous vents exist, and it is clear that the circumstances 

under which the former were accumulated were widely different from anything now known to 
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occur on the earth’s surface. Another remarkable distinction is the apparent absence, throughout 

a great part of the area, of any foci from which currents of lava could have been poured 

out. Of course cones of loose scoria} would long since have been l'emoved by denudation, 

and nuclei of solid basalt would not easily be recognised amongst flows of similar consti¬ 

tution. Still it is remarkable that so few instances should have been described. Unmistake- 

able nuclei exist in tho lower Narbada valley, some of them, as Metapenai hill south-west 

of Chota Udepiir, consisting of trachyte; and throughout a large tract in the Raj pipla hills 

tho rocks are cut np by immense dykes; but still bettor examples of volcanic foci may bo 

seen in Kachh amongst tho jurassic rocks, one of thorn being tho so-called volcano of 

Dinodar* west of lihuj. Mr. Clark also (Quart. Journ. Geol. Soc., 1869, p. 163,) 

states that a lino of vents exists in the Konkan east of Bombay, and that large 

numbers of dykes occur ; but whilst it is highly probable that there are volcanic foci in this 

direction, it Is doubtful if any large portion of the Deccan traps have flowed from them, for 

tho frequent occurrence (locally, it is true, not universally) of trap dykes, and still more of 

ash-breccia appears to show that centres of eruption must have been scattered widely over 

the country, and it is probable that closer search will show their existence. 

It is evident that the lavas were poured out in a very liquid state, and that they spread 

themselves in wide sheets of small depth over largo areas of country. It is quite possible 

that the more earthy beds which form a very large proportion of the whole may have issued 

in the form of volcanic mud, not necessarily at high temperature. But tho crystalline 

basalts were in all probability poured out as lavas liquified by heat. 

Geologists generally have hitherto explained these peculiar pheuomena by supposing that 

trap rocks similar to those of the Deccan have been poured out at the bottom of the sea, and 

in taking a different view, which I do with some diffidence, I know that I am in opposition 

to all the best authorities and to some at least of my own colleagues. It is considered that 

lavas would preserve their liquidity longer at the bottom of tho sea under the pressure of 

tho water; that they would consequently be spread ovor a largo area; that there would, for 

the same reason, be vesicular structure, but not scoriaceous, and that cones of scorise would 

not bo formed, because tho ashos and fragments blown out from tho crater would be spread 

over the bottom of the sea, 

To this view there is one serious objection, which is, that somo of tho Deccan traps were 

subaerial or poured out in water so shallow that the pressure could not have affected them, 

and that these are undistinguishable from tho mass of tho beds; whilst, on tho other hand, 

thero is no evidence except the single occurrence of marine shells intersti'atified with tho 

basalts near Eajamahindri to show that any portion of them were accumulated beneath the 

sea. In tho case of Rajamabindri there can be no doubt but that somo of the traps are 

submarine, and there can be equally little doubt but that they were poured out in a shallow 

sea or estuary close to land, for tho marine shells found are of littoral or estuary species, not 

of deep water forms, and lreshwator shells arc mixed with them. It is equally clear that 

tho bulk of tho intortrappean sedimentary beds to be presently mentioned, wherever they are 

found from Mundla to Bombay, and from Dewad (Dkawud) in the Rewa Kanta to the Sickel 

hills of Hydrabad, are of freshwater origin, formed in small shallow lakes, and that conse¬ 

quently the greater portion of tho surrounding country, over which tho lava flows were 

poured out, was dry land. 

Another proof that the lowest traps were subaerial is to bo found in tho form of the 

surface on which they rest. This is excessively uneven, valleys upwards of a thousand feet 

deep being found in it in places. This uneven surface can only have resulted from subaerial 

denudation; marine denudation, as has been amply shown, reduces tho area affected by it to 

* The reported eruption of this “ volcano’* in 1819 must be a mistake. There is no trace of any recent igneous 
action on the hill, which is not a volcanic cone, but a nucleus of basaltic rock exposed by denudation. 
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a plane. Had tliis surface, thus formed by the action of rain and rivers, been depressed 

beneath the sea before being covered up by trap, some traces of marine deposits must in 

places have remained at the base of the volcanic rocks conformably underlying them. But 

nothing of the kind occurs. The Lameta beds are of freshwater origin, and the Bagh 

beds, which are marine, afford evidence of having been raised above the sea and acted upon 

by streams and rain before the lavas overflowed them. Now, the bottom flows are frequently 

some of the most compact and crystalline met with; they are as widely spread and as 

horizontal as any of the others. The same is the case in Bombay Island with the topmost 

flows; the basalt of Malabar hill, which rests on the freshwater shales seen at its base, is 

perhaps the most compact and most clearly stratified flow in the island, and that it must 

originally have been horizontal from Valukeshwar to Waiii, upwards of four miles, is evident, 

for it l'ests conformably everywhere throughout that distance on the sedimentary beds. If 

then the rocks at the base of the series throughout a large area, and those at the top at 

Bombay, arc of subaorial origin, and these beds are as compact, as crystalline, and as distinctly 

stratified as the intermediate flows,-if, in short, there is no lithological distinction between 

the flows which are proved to have been poured out on the land and the groat mass of the 

bods,-it is surely illogical to assert that the traps in general are submarine without adducing 

any other argument than their lithological characters. 

The whole thickness of the traps cannot be less than 5,000 feet, probably it is more. 

The time occupied in their accumulation must have been groat, for the sedimentary beds 

intercalated prove large poriods of repose, during which lakes were formed and became stocked 

with living animals; and it is impossible to say how much of the interval between the Middle 

Cretaceous and the Eocene epochs was occupied in their formation. As before stated, they 

rest upon the B;igh beds, which are of Tipper Greensand age; while upon them, after a break 

marked by great denudation, rest the Nummulitics, which are Eocene. 

So far as physical evidence is concerned, the break at the base of the traps in the Nar¬ 

bada valley appears less than that which separates them from the overlying Nummulitics near 

Surat. In Kachh, a group of ferruginous clays intervenes between the traps and the 

Nummulitics. For these reasons I am myself disposed to look upon the lower traps at least, 

and consequently on the freshwater beds of the Narbada valley aud Nagpur, as probably Cre¬ 

taceous. But most geologists are inclined to class the whole of the volcanic series as Eocene. 

The traps cover the whole of the Bombay Presidency from the Narbada river as far 

south as the parallel of Goa in the neighbourhood of Belgaon and Kaladghi. North of the 

Narbada in the Rewa Kanta they occupy but a small area ending abruptly south of Chota 

Udepiir. Powagarli hill is an isolated mass; and there is a larger tract composed of them 

around Dewad. A belt of them extends partly across Kattiawar, and another, five to ton miles 

broad, throughout the greater part of Kachh, the dip being to the south. Traces may 

perhaps bo detected farther to the westward, as at Ranikot in Sind, but no absolute proof of 

their existence has been found. 

Intertmppean beds.—To these reference has jnst been made. The most important are 

limestone, calcareous shale, chert, and more rarely sandstone, containing in abundance remains 

of plants and freshwater shells, the most common being Physa, Lymnea, Paludina, Mela¬ 

nia, JJuio, &c. The bods containing these fossils have not hitherto been found more than 300 

or TOO feet above the base of the traps. Each bed can rarely be traced for a longer distance 

than three or four miles, and seldom exceeds 2 to 3 feet in thickness; but successive beds are met 

with, trap flows intervening, sometimes as many as three sedimentary intercalations being 

met with one above the other, and often difi'ering from each other in mineral composition and 

in the fossils contained. That these beds have been deposited upon the underlying trap, and 

that the overlying flow has been poured over them, is clear, because the upper surfaces of the 

freshwater bands are always hardened and altered (though sometimes to a very slight degree) 

and their base is unchanged. 
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In tlie Bombay Presidency, the only known localities for these “ Pliysa beds, ” as they 

have been called from the prevalence of that shell (they are the Tdkli beds of 11 islop), are near 

Dewad (Dohud) in the Kewa Ivanta (Rogers, Quart. Jour. Geol. Soc., 1870, p. 118,) and in 

Western Kachh, where they have recently been found by Mr. Redden, of the Geological Survey, 

and near Kaladghi, where Mr. Foote, of the Geological Survey, discovered a thin bed of 

sandy marl lying beneath the lowest trap flow and the gneiss. 

Near Gokak, in Belgaou district, Mr. Foote found fossil TInios in a thin bed of sandstone 

resting on a flow of amygdaloidal trap, which forms locally the base of the trap series, 

and was poured out over the rugged surface of the gneiss. The sandstones overlap the 

amygdaloid bed in places, and rest directly on the gneiss. 

The intertrappean beds of Bombay belong to a very different horizon, being intercalated 

with the very highest trap flows hitherto explored, aud their fossils are distinct, with one 

exception (a species of Cypris), from those found in the lower group of sedimentary deposits. 

The Bombay intertrappeans are composed of shale, and are of freshwater origin, as is proved 

by their containing frogs, freshwater tortoises,* Cyprides, remains of insects, and land plants. 

As in the group near tho base of the traps, there are in Bombay several successive deposits 

with lava-flows intervening. They have been traced into the island of Salsette, but not 

farther, probably for want of searching for them. 

The origin of these freshwater deposits is easily conceived. Flows of lava spreading- 

over an uneven land-surface, cut into hills and valleys by subaerial denudation, must have 

dammed up the valleys of streams and converted them into lakes. Other (lows might fill up 

the first lakes, but by isolating fresh hollows would produce fresh ones, for the flows, however 

liquid, could not have presented an absolutely plane surface, and the outbursts from different 

foci must have crossed and dammed up the hollows between flows from tho same crater. 

The absence of sedimentary beds in the centre of the series may be due to the greater rapi¬ 

dity of deposition or to the peculiar climate produced by the wide spread of volcanic out¬ 

bursts and to want of rain. 

It is rather singular that fossils should be so much more common in the beds intercalated 

with the traps than in the Lametas at their base, although such shells as have been found in 

the latter are apparently similar to those met with in the former. 

The traps and their associated beds have been treated at somewhat greater length than 

the other rocks on accoirnt of their great importance in Bombay, and the remarkable geolo¬ 

gical interest attaching to them. 

V.—Older Tertiary Series. 

Tho last of the great rock systems in ascending order is far less thoroughly known than 

most of those lower in the series. Although the abundance of organic remains found in it, 

foraminifera, corals, echiuoderms, and mollusca in the lower beds, and bones of vertebrata in 

the higher, have attracted attention, not only in India, but amongst tho paleontologists of 

Europe, very much remains to bo done before the sequence of beds and their faunae can be 

said to be properly known. It has been pointed out, and with every appearance of probabi¬ 

lity, that tho fossil forms from Sind described in the “ Description des animaux fossiles du 

groupe nummulitique de 1’ Iude” by M. M. D’Archiac aud Haime must have been derived 

from formations varying to a considerable degree in age, and it is highly probable that a 

thorough examination of the Sind rocks will show the necessity of sub-dividing them to a far 

greater extent than has hitherto been attempted. 

* The frog named liana pitnlhi bj Owen haB been shown by Dr. Stoliczka to be an Oxgglatms. The tortoise 
named Testudo LeitiH by Dr. Carter is not a Testudo (as indeed has been shown by Dr. Carter), but belongs to 
Emys or some allied genus. 
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In the present state of our knowledge it appears to be most in accordance with what 

information wo possess to include in the older tertiary series all the rocks in Western India 

above the trap up to and including the beds of Perim and the Sivaliks. It is true that Dr. 

Falconer has pointed out the connexion between the fauna of the Sivaliks and that now 

living, and the absence of any great break in the chain of life; and it is possible that when 

the Indian tertiary formations are better known, a different sub-division to that now proposed 

may be desirable ; but at present all that can be said is that the secies as here proposed does 

appear to exist in Western India, and that, so far as is known, there is a break at its close. 

So greatly do the beds of the Tertiaries vary, and so little has been done towards their 

correlation, that it is impracticable to describe them so generally as has been done in the case 

of the older formations; and, in order to give a fair idea of them, it is necessary to explain 

briefly the succession of beds in the different districts in which they are found, commencing 

in eastern Guj rat and thence tracing them across to Sind. The general succession appears 

to be sandy and argillaceous beds deposited in part in rivers or estuaries, and containing 

remains of land plants and animals at the top and base, and marine beds, some of them 

limestones formed in deep water, in the middle of the series. This is especially the case to 
tho westward. 

Surat and Bharoch.—At the base of tho tertiary formations near Surat are thick beds 

of ferruginous clay assuming, where exposed, the characteristic brown crust and pseudo- 

scoriaceous appearance of laterite, from which they differ in no respect. These at first sight 

appear to bo of volcanic origin, an idoa which is strengthened by tho neighbourhood of the 

tiaps on which they lest, but close examination has shown that they are really sedimentary 

deposits, although composed in all probability of materials derived from the disintegration 

and denudation of the trap. With them are interstratified beds of gravel or conglomerate 

containing agate pebbles (the agates derived from the trap), and limestone, sometimes nearly 

pure, but more frequently sandy, argillaceous or ferruginous, and abounding in nummulites 

and other fossils, many of them identical with those found in Sind and in the Eocene rocks 
of Europe. 

Above the limestones and laterite beds there is found a great thickness of gravels, some¬ 

times cemented into a conglomerate, sandy clay and ferruginous sandstone, often nodular. 

These contain fossils also, though not in such abundance as tho lower limestones, and the 

species are different and perhaps belong to a higher horizon. Hitherto, however, they have 

not been properly examined and compared. There is some evidence in favour of unconform¬ 

ity between tho two groups ; the lower, which is well seen about Tark&ar and Gula east of 
Surat, being apparently overlapped by the higher beds to tho northward. 

Those higher beds are but poorly exposed in tho Tapti river near Gutta and Karjan, and 

in the Kim between Kimamli and Elao, but they arc well seen in tho stream which runs 

past Eatanpiir east of Bharoch. Hero they consist chiefly of sandstone, gravel, and conglo¬ 

merate, with occasional beds of red or white clay and shales. The pebbles in tho gravels and 

conglomerates are mostly of agate and other quartzoso minerals derived from the traps; and 

from some of these beds tho carnclians and agates are obtained, which have from time imme¬ 
morial supplied the lapidaries of Khambayat. 

The Eocene rocks in Surat and Bharoch form merely a fringe along the edge of the 

traps; and they are covered and concealed to tho westward by alluvium. A few traces of 

them have been found south of the Tapti, but none have hitherto been detected north of 
the Narbada. 

Perim Island.—The rocks of Perim Island in the Gulf of Khambayat are isolated; and 

it is difficult to say whether they belong to the group just described, or whether they are a 

portion of a newer formation altogether. In some respects they resemble the beds of the 
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Kim and Tapti. The island is small and flat, and the rocks being horizontal, very little is 

seen of them; the most characteristic bed is a coarse conglomerate containing blocks of fine 

sandstone'and agate pebbles. With these are intermixed large masses of fossil wood and 

bones of various mammals, some of which have been identified with those of Sivalik species. 

Amongst the remains found here are Mastodon latidens, Sus, Dinotherhm, Bramatlierium, 

and Camelopardalis. These mammals show the age of the beds to he Miocene. 

Kattiawdr.—Ossiferous conglomerates like those of Perim are found also on the 

Kattiawar coast near Gogo, though hones appear to he less abundant than at Perim. The 

conglomerates rest upon thick blue clay. These beds extend as a very narrow belt along the 

Kattiawar coast to the neighbourhood of Gopnath. Here they are replaced to a great 

extent by mottled clays and coarse rubbly limestone, fossiliferous in places, upon which rests 

a fine-grained calcareous rock known as milliolite, which apparently marks a higher horizon 

and will be described amongst the later Tertiary beds. 

The rubbly limestone and clay is not fossiliferous near Gopnath, but becomes so farther 

to the west. From Safirabad to Patan it is concealed by milliolite; but still more to the west¬ 

ward it is exposed in places and abounds in Eocene fossils. 

Kachh.—The Nummulitic rocks and their associates are only found in the western part of 

Kachh, being overlapped by higher beds east of the neighbourhood of Mandavi. At their 

base, however, are some variegated clays and beds of laterite which have a much wider 

distribution. These beds are conspicuous from their brilliant contrasts of colours, red, purple, 

and white, many of them being highly ferruginous. They sometimes contain pebbles of 

agate, and upon them rest coarse sandstones and red, brown, and white shales with impressions 

of land plants. The thickness of this group varies from 20 feet to about 200, increasing 

towards the north and east. They appear in general to rest conformably on the traps, and it 

is possible that the lowest beds which have in places a very ashy appearance may have been 

formed before the termination of the volcanic action to which the subjacent traps were due. 

This at least is Mr. Wynne’s opinion, Nevertheless these clays and laterites locally, as at 

Mharr and near Lakhpat, overlap the whole of the traps and rest upon the underlying 

jurassic beds, a circumstance which appears rather opposed to their being really conformable 

to the traps. 

Upon these variegated clays, in the western part of Kachh, rest conformably fine 

laminated shales, containing plant remains in places, and pyritous and bituminous towards 

the base. The fossils both in these beds and in the variegated clays are chiefly leaves, endoge¬ 

nous and exogenous. As will be seen presently, these pyritous shales and richly coloured 

clays with plant fossils are well developed in Sind. 

The general section of the Nummulitic beds in Kachh above the plant beds is the 

following, as abridged from Messrs. Wynne and Fedden’s report 

Descending section. 
Ft. 

1. —Clays and shales occasionally sandy, with hard bands of 

slialy limestone or of marl, and a few sandy and 

conglomeritic beds. The upper portion highly fossili¬ 

ferous ... ... ... ... 800 to 1,200 

2. —Sandy shales, mottled white or ferruginous, irregularly 

bedded, with impressions of leaves ... ... 100 

Dun-coloured and blue silty clays and shales, with 

minute crabs ... ... ... ... 30 

3. —Nummulitic marls and limestones—Fossils numerous ... 700 

4. —Gypseous shales and marls, with foraminifera, oysters, &c. 100 
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These are not regularly interstratified ; some of the divisions are of local occurrence, 

No. 2 being only found on the flank of the Gaira hills, and a few other places, while No. 4 

is also deficient in places. The thickness given is approximate only. 

The nummulitic group, No. 3, consists of pale, yellow, and white argillaceous limestones 

with some sandy beds and shaly marls. The massive and compact nummulitic limestones 

of Sind do not appear to extend to the westward. 

The argillaceous group, No. 1, is the most important of all in Kackli, and it contains 

the greatest number and variety of fossils. It perhaps represents the clays and limestone of 

Kattiawar, and it may be the equivalent of the gravels and conglomerates of Eatanprir 

near Bharoch. But it is far from clear that this is the case. 

West of Kaehli the delta of the Indus makes a great break in the belt of tertiary 

deposits bordering the coast, and when the rocks again emerge from beneath the alluvium in 

Sind, the border groups of India have been left behind, and the great nummulitic limestone 

tract entered, which extends from the Himalayas to the Mediterranean. In Sind itself no 

rocks older than the Tertiaries are known to occur, but to the west in Kelat, mesozoic and 

paheozoic strata have been found by Dr. Cook, which are probably a continuation of the beds 

known to exist in the Salt Eange. 

The following general section of the beds in Sind is given by Captain Vicary 

1. —Conglomerate. 

2. —Clays and sandstone. 

3. —Upper bone bed. 

4. —Sandstone—fossils rare. 

5. —Lower bone bed. 

6. —Coarse, arenaceo-calcareous rock, with Cytlierea cxoleta ? and C. exarata, 

Spatangi, no nummulitcs. 

7. —Pale arenaceous limestone with Hipponices, Nmnmulites and CharoidecB. 

8. —Nummulitic limestone of the Hala range. 

9. —Black slates—thickness unknown. 

Probably a thorough examination of the country would produce some important modifi¬ 

cations in this list. What the black slates No. 9 may be it is difficult to say from Vicary’s 

description, as he does not refer to them further, and it is doubtful if they occur within the 

limit of Sind. 

Beneath the limestone of the Hala range and of Kotru (Kotree), which appear to be 

identical, there is a great thickness of variegated sands and clays containing leaves of plants, 

and in one or two places small lenticular beds of lignite. These beds undoubtedly represent 

the somewhat similar formation below tho nummulitic marls and limestone of Kachk. A 

rough classification of the Sind rocks, so far as they are known, may be attempted thus:— 

Descending section. 

1. —Conglomerates, clays and sandstone with fossil bones; (Nos. 1 to 5 of Vicary). 

These are tho equivalents of tho Sivalik and Perim beds, and are known to 

be of Miocene ago. 

2. —Limestone, more or less pure, passing into sandstone and of variable character 

(6, 7, and 8 of Vicary.) Towards the base are massive beds of white lime¬ 

stone of great thickness abounding in Alveolina, a small spheroidal fora- 

minifer. It is highly probable that further examination will show the 

necessity of sub-dividing this group. 

3. —Variegated sands and gypseous clays, with remains of plants. 
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At Karachi itself the only rocks seen belong to newer beds than any of those now 

described, but to the north-west near Magar Pir an impure limestone is met with, containing 

numerous mollusea and opereulina, but nummulites are scarce if they occur at all. From 

Karachi to Kotru (Kotree) various forms of nummulitic limestone cover the country. Near 

Ivotru itself white compact limestone with Alveolma is found, whilst to the westward, a 

considerable area is covered by the variegated sands and clays. Amongst these, north-west 

of Kotru, occurs the lignite of Lynyan, an attempt at mining which was once made. The 

quantity of the mineral was, however, found to be small owing to the rapid thinning out of 

the bed, and the quality was inferior. 

At Kanikot, a gorge in the Eri hills, twenty miles west of the Indus at Magendan, and 

forty-five miles north-west of Kotin, about 1,000 feet of massive alveolina limestone rests 

on 1,300 feet of variegated sands and clays, at the base of which trap is seen. Whether this 

trap be intrusive or not has not been ascertained ; it appears stratified and is slightly amyg- 

daloidal. Of course, the occurrence of igneous rocks below the lowest of the rocks known to 

be associated with the nummulitic limestones recalls the similar association of variegated clays 

resting upon traps, these unmistakeably belonging to the Deccan series, in Kaehh ; but it has 

by no means been definitely ascertained whether the trap in Sind is a representative of 

the Deccan series. The Eri hills are an outer ridge of the Hala range and terminate to 

the north at Sewan. The li.il;i range stretching along the frontier is said to be entirely 

composed of limestone. Further to the north, and to the north-west of Sewan, conglo¬ 

merates and sandstones of Sivalik age with mammalian bones are found along the flanks of 

the main limestone ranges. The greater part of Upper Sind is an alluvial plain. 

Laterite of the Deccan.—Although the age of the laterite found locally on the crest 

of the Sahyadri and in the southern Maratha country is extremely obscure, there appears 

some probability from its mode of occurrence that it should be referred to the older and not 

to the newer tortiaries. Its occurrence in isolated caps on various hills appears to indicate 

that all now seen is merely the remnant of a formation once far more widely spread, and its 

striking resemblance to the beds already mentioned as occurring in the Nummulitics of Surat 

renders it possible that the two may be of the same age. 

Laterite is essentially a clay strongly but unequally impregnated with iron peroxide, 

to which it owes its deep red coloui', which, however, is far from uniform, the surface of a 

freshly broken fragment being veined and mottled with different tints, from white to deep 

red. Sometimes the appearance is almost that of a breccia from the angular white frag¬ 

ments enclosed. In some places, as at Bidar, the rock is intersected by small irregular tubes, 

lined with hydrated peroxide of iron, but those are not always present. The surface has 

a very characteristic appearance, being very irregular, owing to the washing away of so much 

of the clay as has not been impregnated with iron, and being covered with a glazed coating 

of hydrated iron peroxide or brown hmmatite. In the newer forms of laterite (for the rock 

is of various ages) grains of quartz and small pisolitic ferruginous concretions are usually 

found in considerable numbers, but in the rock which occurs at high elevations in the Deccan 

these are often deficient. 

Of the origin of this singular rock but little can bo said. In consequence partly of 

its peculiar pseudo-scoriaceous appearance, and partly of its occasional passage into decom¬ 

posed trap at its base, it has by many geologists been classed with the volcanic rocks. But 

it has never been found intercalated with traps, and it is met with interstratified in the 

sedimentary Eocene strata; moreover, its conformity to the trappean flows is only apparent, 

since the same laterite is found in some places resting on traps much lower in position than 

in others, e. g., at Mahableshwar and Panchgain, it rests upon flows very high in the series, 

while at Matheran and Khandala it is found on much lower beds. It is therefore fairly 

evident that the Dcccan laterite is a rock of aqueous origin and newer than the volcanic 
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series, from the detritus of which it is probably formed; but by what process it has accumu¬ 

lated—whether it be of marine, fluviatile, or subaerial origin—is extremely difficult to 

say, the more so because, as is frequently the case in highly ferruginous rocks, no fossils are 
found in it. 

Laterito has a remarkable power of resisting disintegration, and wherever a cap of it is 

found on a hill, the lower ground around, if sufficiently flat, is covered with a thick coating 

of reconsolidated debris. The iron washed out of the laterite tends always to change any 

decomposed rock, such as trap or gneiss, beneath it into a substance so precisely resembling 

the laterite itself that there is generally an apparent passage from one rock to the other. 

VI.—Upper Tertiary and recent beds. 

Of these rocks, like the last, the classification as yet is most imperfect; indeed the fine 

drawn in some places between them and the beds described in the last section is quite arbi¬ 

trary. It is possible and even probable that some of the formations here included in each 

may ultimately have to be placed in the other series. 

Upper Tertiary beds of Kdttiawdr.—Along the coast of the Kattiawar peninsula a 

fine porous calcareous rock occurs, which is widely known as milliolite, or Porbandar stone, 

and exported under this latter name to Bombay for building purposes. It was found by 

Dr. Carter, who examined it, to consist of minute foraminifera with a few grains of quartz 

and hornblende. This rock varies much in mineral character in different places; near Gopnath 

point, which is its easternmost extension, it is much less pure than to the westward, being 

much mixed with clay. It is everywhere strongly marked by irregular oblique lamination 

or false bedding, showing deposition by currents. 

Except the foraminifera the only fossils hitherto found have been Pupa instdaris and 

somo other recent species of Land shells which Mr. Theobald obtained. The occurrence of 

these shells is the principal reason for placing the bed amongst the newer Tertiaries; although, 

as some existing forms are said to occur also in the Sivaliks, the evidence must not be con¬ 

sidered as conclusive. Of the thickness attained by the milliolite nothing trustworthy is 

recorded. It is found throughout nearly the whole south coast of Kattiawar. 

Upper Tertiaries of Kachh.—In Kachh, there is a higher sub-division of the Tertiary 

beds, chiefly developed to the westward, that is, in that part of the province in which the 

older Tertiaries are wanting, and apparently uriconformable to the latter. The following is 

the section given by Messrs. Wynne and Fedden:— 

Descending. 

Variable deposits, including concreto beds of great thickness. 

Soft sandstones, shelly, calcareous and quartzoso grits, gravels and conglomerates with 
trap pebbles and agates. 

Brown sands and sandstones with fossil wood. 

The thickness varies from 200 to 300 feet. The only distinguishable fossils are some 

large oysters, which are met with in the thick obliquely laminated concretes of the upper 

group. These oysters closely resemble the species now living on the coast of Kachh. It is 

not at all clear whether this concrete represents the milliolite of Kattiawar, or the sub-recent 

calcareous shelly rock to be hereafter described. 

Ossiferous gravels of river-valleys.—In parts of the Narbada and Godavari valleys 

gravels have been met with containing bones of extinct mammalia much more nearly 

allied to existing forms than are the species found in the Sivaliks. In the Narbada, the 

deposits of which have been far more fully explored than any others, the bones belong to 
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species of Elephas, Hippopotamus, Sus, Equus, Bos, Cervus, c^c., associated with fluviatile 

shells of existing species. The age of these beds is by Dr. Falconer considered to be 

Pliocene. 

A skull belonging to Elephas Namadicus, one of the Narbada species, molars of Bos, 

and some other bones have been found in the banks of the Godavari near Paitan (Pyton) on 

the road from Ahmadnagar to Jalnah; and in the same gravel a well-marked agate flake, 

which has every appearance of human manufacture, was obtained by Mr. Wynne in 1865. 

There is every probability that these bone-gravels are dispersed over a large portion of 

the country, and enormous quantities of bones have been occasionally exposed in the Goda¬ 

vari valley. An elephant’s tusk was exhumed some yeai's since by Dr. Cook near Satara, 

and during the present year (1871) information has been received of the discovery (in Elgar) of 

a rhinoceros skull by Mr. Foote in the valley of the Gatparba near Gokak. It is singular 

that no fossils have hitherto been obtained from the Tapti valley in Khandesh. 

Surface gravels of Sind.—The plains of lower Sind to the west of the Indus and in 

the neighbourhood of the Hahi range are covered over to a considerable depth with gravel, 

composed of limestone and sandstone pebbles derived from the hills. In places torrents 

have cut through thick accumulations of these beds. It is evident that these gravels con¬ 

sist of detritus carried down by the wash of rain and streams ; but from the denudation they 

have undergone in places portions of them must bo of considerable antiquity. No organic 

remains appear to have been found in them; but they are worthy of closer examination than 

they have hitherto received. 

Laterite of the Konlcan.—The laterite of tho western coast is of later date than that 

of the Deccan; aud its derivative nature is proved by the occurrence of sand and small 

pebbles; yet, except in being more sandy, it closely resembles the older rock, from the detritus 

of which it may he partly derived. It occurs as a thick bed capping the traps and forming 

a plateau at a general elevation near Eatnagiri of botween 200 and 300 feet above the sea. 

It had once covered the whole country ; hut numerous ravines have been cut out of it by 

streams. At Eatnagiri there is a bed of white clay containing remains of plants below the 

laterite. 

The mode of formation of this rock in the Konlcan is nearly as obscure as in the 

Decean; hut its position in this case renders it more probable that it may have been origin¬ 

ally a submarine formation, deposited at a period when the Konlcan was at a lower level and 

the sea washed against the cliffs of the western ghats. It is not easy to say whether this 

really was the case, hut there is no improbability in it. The deposit may have been greatly 

changed by subaorial action after its emergence. 

Laterite is not found far north of Eatnagiri, and near that place only extends about fif¬ 

teen to twenty miles inland. It extends farther towards the foot of the gli&ts near Phonda 

ghat, but in Sawantwari is again limited to a band ten to fifteen miles broad. It covers a 

considerable area in the Goa territory. 

Patches occur at a lower level scattered over the country ; but these consist of a kind 

more mixed with gravel and sandstone. The peculiar character ol this rock and the tendency 

of the detritus from it to reconsolidate must always be borue in mind when examining it. 

Alluvium of Sind, Kanhh and Grujral.—In tho north-western part of the Bombay 

Presidency there are extensive alluvial plains to which, in a sketch ol the geology of Western 

India, a few words must be devoted. The sands and clays of which they consist are 

river-valley and delta deposits, washed down by the streams, and accumulated in the lower 

portions of their course aud at their mouths'. By far the most important of these compose 

the great plain extending to the east from the Indus. 
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A glance at the map will show that from Haidarabad in Sind to Ahmadabad in Gujrat 

is ail almost unbroken flat. This flat is the south-western extremity of the great plain which 

stretches across Northern India and comprises the valleys of the Indus and Ganges. That 

this plain was at one time an open sea is suggested partly by the line of division which it 

forms between the two entirely distinct geological provinces of the Indian peninsula and the 

Himalayas, partly by the Tertiary marine beds which fringe so large a portion of its edges. 

The high grounds of Kackh and Kattiawar are surrounded on all sides by portions of this 

flat or by the sea. 

There appears much probability that the conversion of this vast area into land has been 

due in great measure to the silt, sand and gravel brought down by the various streams and 

rivers which emerge from the Himalayas and Biluckistan on one side and from the Indian 

peninsula on the other. The process has doubtless been gradual and is still in progress. 

Locally, elevation may have aided, but, on the whole, there is probably at least as much 

reason to assume depression to have been the prevailing movement of the surface. 

The Ran of Kackh appears to have been an inlet of the sea which has been gradually 

filled up by the silt deposited from the streams which enter it. This tract of country is still 

in a debateable condition, being covered with water in the south-west monsoon, when the floods 

brought down by the Bands and Loni, and by the small streams of Kackh, are forced 

back by the waters of the Gulf of Kackh and the old Kori mouth of the Indus, raised above 

their usual level by [the force of the south-west wind, whilst during the remainder of the 

year the whole region is dry land, except in patches. There is a tradition that, at no distant 

period, the Ran was a navigable inland sea; and the appearance of its shores, with the occur¬ 

rence of subrccent marine deposits, confirm this idea, although the period of its conversion 

into dry land remains doubtful, the evidence of the discovery of old boats being confined to 

localities which may have been covered with water after the greater part of the region was 

dry land.* Formerly it is probable that the eastern branch of the river Indus discharged 

itself into the Ran, and the quantity of silt deposited may have been much greater than is 

now the case. 

On the eastern side of Kattiawar the Gulf of Khambayat is also said to be silting 

up. The evidence as to the rapidity of the process is not conclusive, but it may fairly 

be assumed that a gradual extension of the coast is taking place. On tho cast of the gulf, 

the Sabarmati, Main, aud Narbada, the last being one of the great rivers of the Indian 

peninsula, all discharge themselves; and the quantity of silt and detritus brought down by 

them must be very great. 

That the Gulf of Khambayat once communicated with the Ran is probable, as a belt of 

low land, including the brackish marsh known as the Nal, still connects them. Mr. Rogers 

(Quart. Jour. Goo. Soc., 1870, p. 118) has pointed out that while tho black soil of 

southern Giijrat is probably derived from tho neighbouring trap rocks, the light-coloured 

alluvium to the northwards may have been brought down by tlio rivers flowing from countries 

still further to the north; and he has speculated on the possibility of the Indus having once 

discharged its waters in this direction. 

Elevation may also have played its part in the conversion of these alluvial tracts into 

dry ground; and there is better reason for suspecting its action here than farther to the 

northward; for, along tho south coast of Kattiawar marks of a comparatively recent rise 

are numerous. In a MS. report by Mr. Theobald, written in 1858, mention is made of the 

occurrence of barnacles and serpuho on the foundations of an old building beside a creek at 

* Nothing appears to be said of any sea north of Kaehh by the Buddhist-Chinese travellers of the seventh 

century.—See Cunningham’s Ancient Geography of India, Vol. I, p. 302. 
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Patan, which are now only reached by high floods; and dead oysters, evidently quite recent, 

were found in various creeks and especially in one at Porbandar, 20 feet above the level at 

which they now live. The evidence collected by Mr. Theobald appeared to show that a rise of 

10 feet had taken place in the course of the year 1856. The changes of level in the Ban of 

Kachh during the earthquake of 1819 are well known, but in that instance, elevation of one 

tract was accompanied by depression in another. The vast expanse of water which Sir 

A. Burnes found around Sindri in 1828 has, however, now been mainly reconverted into dry 

land; and Mr. Wynne in 1868 reached the ruins of Sindri fort from Kachh on a camel. 

This change appears due to the deposition of silt, the cause to which may be attributed 

the conversion of the whole Ban into a land area. 

Alluvium, besides occupying the delta of the Indus, the Ean of Kachh, the southern 

coast of the same province, and a large tract extending northward and eastward from the Gulf 

of Khambayat, covers nearly the whole of Surat district, and occupies a considerable proportion 

of the country to the southward, forming plains which, near the coast, intervene between the 

trap bills as far south as Bombay. It appears probable that some of the hills in the Northern 

Konkan have been promontories or even islands in the sea, and it is recorded that within his¬ 

torical times the hills of Bombay island were unconnected with each other. Their union has 

been due partly to artificial means, but chiefly to the accumulation of sand and silt. Unques¬ 

tionably, unless man interfere, or some great change take place in the configuration of the 

country, the harbour of Bombay, the sole survivor of the inlets, which must once have been 

numerous, must be gradually silted up in the course of age. But as no stream of importance 

enters the harbour, the process is not likely to be so rapid as to cause serious concern as yet 

to those interested in the commerce of the port. 

Littoral concrete.—An agglutinated calcareous mass of shells and gravel is found in 

many places along the coast. Some is seen in Bombay island, the esplanade consisting of 

it, and a part of the fort being built upon it; it also occurs at Mahim aud in places on the 

shores of the harbour. To the northward it is met with here and there as far as Daman; 

it may show slight elevation of the coast line, but the amount of rise is vory trifling. 

Upon the milliolite of Kattiawar the same formation is much more largely developed. 

It here assumes the appearance of a calcareous grit, containing marine shells and corals, and 

occasionally attaining a thickness of 60 feet. The species of animals iound in it are, so far 

as is known, identical with those now inhabiting the coast. The evidence thus afforded of a 

recent elevation is an addition to that previously quoted. 

Blade soil.—Soils scarcely enter into the geology of a country, as they are simply the 

surface altered by exposure, organic agency and agriculture, but it is impossible entirely 

to overlook the widely spread “ rigar” or “ cotton soil. ” This is a black, grey or brown 

loam, varying much in character; tenacious and adhesive when wetted; light, crumbling 

and intersected by cracks when dry. It is found throughout the trap area, being in this 

instance a product of the decomposition of the volcanic rock, and every step in the passage 

from one to the other may often be witnessed in small roadside sections. It does not, 

however, follow that all soils derived from the trap are black, nor that no black soil is 

produced by the decomposition of other rocks. Bed soil is often seen within the trap area; 

and true cotton soil, inferior in fertility, however, to that produced by the volcanic formations, 

is met with in Southern India, in the Kaveri valley for instance, in a country which there 

is no reason to suppose ever contained trap. A very similar black alluvial deposit forms 

in the back-waters of the coast. 

“Eigar,” in short, appears to be a more or less argillaceous soil, impregnated with 

organic matter. 
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In the preceding sketch no attempt has been made to write a geological history of the 

country; for that purpose far more data must be accumulated than are at present available. 

Very much remains to be done before the geology of Western India can be said to he even 

tolerably well known. Of the rocks in many parts of this immense area, no descriptions 

exist except occasional notes collected by travellers; and even in the portions to which the 

Geological Survey has been extended, the examination has, in many cases, been but partial 

and preliminary. There is yet a wide field open to the geologist and naturalist, and there 

is no part of India which will in all probability more thoroughly repay careful search and 

enquiry than the Bombay Presidency. The chemical and lithological peculiarities of the 

trap formations and the minerals contained; the fauna and flora of the intertrappean beds; 

the multitude of organic forms in the Nummulitic rocks of Giijrat, Kaekh, and Sind; the 

mammalian bones of the Miocene and Pliocene conglomerates and gravels ;—all promise 

a mass of important discoveries to any one who will devote time and labour to their 

investigation. 

W. T. J1L AN FOR I). 
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Chief Commissioner, Central Provinces. 
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Government of India. 

„ Selections from the records of the Government of India, Foreign Department, 

No. 86. Keport on the political administration of the terri¬ 
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Calcutta. 

Government of India. 

„ Temple, Sir Richard—Financial Statement., 1872-73, (1872), 8vo., Calcutta. 
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Establishment, for season 1870-71, (1872), Use., Calcutta. 

Surveyor General of India. 

„ Waterhouse, Lieut. J.—Report on the cartographic applications of photography, 

1870, 8vo., Calcutta. 
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year 1870, (1870), 8vo., Augusta. 
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8vo., Berlin. 

The Society. 

Boston.—Memoirs of the Boston Society of Natural History, Vol, II, pt. 1, (1871), 

4to., Boston. 
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(1869), 8vo., Boston. 
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Calcutta.—Journal of the Asiatic Society of Bengal—New Series, Vol. XL, pt. I, No. 3. 
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Nos. 1-2, (1872), (1871-72), 8vo., Calcutta. 

The Society. 
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Calcutta—Proceedings of the Asiatic Society of Bengal, Nos. IV-VI, (1872), 8vo., Calcutta. 

The Society. 

,, Records of the Geological Survey of India, Vol. V, pt. 2, (1872), 8vo., Calcutta. 
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Cambridge. Mass.—Annual Report of the Trustees of the Museum of Comparative Zoology 

at Harvard College, in Cambridge, together with the Report 

of the Director for 1869, (1870), 8vo., Cambridge. 

Museum of Comparative Zoology. 

„ Bulletin of the Museum of Comparative Zoology, Cambridge, Mass., 

Nos. 1-13, (1862), 8vo., Cambridge. 

Museum oe Comparative Zoology. 

„ Bulletin of the Museum of Comparative Zoology, at Harvard College. 

Cambridge, Mass.— 
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tions of the North Pacific species, by J. A. Allen, together with 

an account of the habits of the Northern Fur Seal (Callorhinus 

Ursinus), by Charles Bryant, (1870), Cambridge. 

Vol. II, No. 2. Preliminary Report on the Crustacea dredged in the 

Gulf Stream in the Straits of Florida, by L. F. De Pourtales, 

Pt. I, Brachyura, (1870), 8vo., Cambridge. 

Vol. II, No. 3. On the Mammals and Winter Birds of East Florida, 

with an examination of certain assumed specific characters in 

Birds and a sketch of the Bird Fauna of Eastern North America, 

by J. A. Allen, (1871), 8vo., Cambridge. 

Museum of Comparative Zoology. 

„ Illustrated Catalogue of the Museum of Comparative Zoology, at 

Harvard College:— 

No. I. Ophiuridm and Astrophytidse by Theodore Lyman, 1865. 

No. II. North American Acalepha! by Alex. Agassiz, 1865. 

No. III. Monograph of the North American Astacidse, by Dr. Hermann 

A. Hagen. 1870, (1865 and 1S70), 4to., Cambridge. 

Museum of Comparative Zoology. 

Dublin.—Journal of the Royal Dublin Society, No. XL, (1872), 8vo., Dublin. 

Tiie Society. 

Florence.—Bollettino R. Comitato Geologico d’ Italia, Nos. 1 and 2, (1872), 8vo., Florence. 

The Society. 

London.—Proceedings of the Royal Society, Vol. XIX, No. 129, and Vol. XX, No. 130, 

(1871), 8vo., London. 

Tiie Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXVIII, pt. I, 

No. 109, (1872), 8yo., London. 

. , The Society. 

„ British Museum—Walker, Francis. Catalogue of the specimens of Hemiptera 

Heteroptera in the Collection of the British Museum, pt. IV, 

(1871), Svo., London. 

British Museum. 
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Melbourne.—Mineral Department, Victoria. Mineral Statistics of Victoria for the year 1871, 

(1872), fisc., Melbourne. 
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„ Victoria. Deports of the Mining Surveyors and Registrars for quarters 
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„ „ „ „ „ Vol. LXII, Nos. 2,3, 5 and 
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pts. 1 and 2, (1870), 4to., Philadelphia. 
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Note on exploration fob coal in the noetheen begion of the Satpuba basin, by 

H. B. Medlicott, ii. a., f. G. s., Deputy Superintendent, Geological Survey of 

India. 

In anticipation of a detailed report of work in the Satpura coal basin, this notice is given of 

any results of practical interest. The coal mines of the Sitariva, and the explorations in connec¬ 

tion with them as working from the only outcrop of the measures on the north-side of the Satpura 

basin, have naturally been looked to for information to guide us in estimating the chances of suc¬ 

cess in other analogous positions. In previous reports I have mentioned the disappointing want 

of information derived from this source, and I regret that the same disappointment has again to 

be expressed regarding the point upon which information was most needed—the extension of 

the coal seams to the south, towards the dip of the basin. A boring was attempted this year 

at the edge of the Sitariva, south of the present colliery; but it came to a stand-still at 194 

feet, in the Mahadeva clay and conglomerate, short of the calculated depth at which the 

measures might- have been struck. Upon this most important point, therefore, we still know 

no more than might be learned from the exposed outcrops. It was always upon success in 

this direction that the best prospects of the mining concern were considered to lie; so, to a 

great extent, it may be said that those prospects are as good as ever they were. The some¬ 

what intricate stratigraphical features noticed in my detailed report of last season's field work 

may add some little anxiety as to the depth to which the coal may have to be followed; but 

practically this should at present only add to the urgency for vigorously prosecuting the 

exploration to allow for the opening opt of a new mine in deep ground before the exhaustion 

of the very limited supply at present available. 

Notice has also to be taken of a failure of a more positive kind in connection with the 

exploration of the field within the outcrop of the measures between the present mines and 

the north boundary of the basin. In reporting upon the field in May 1870, before anything 

bad been done to try the ground, I stated the geological possibilities of the case thus “It 

may be said that there are about two miles of known outcrop, the coal being obscurely visible 

at the surface at several spots along the curved line between the two collieries, but its thick¬ 

ness or Us quality in that position has not been tried. Assuming it to maintain a mean 

thickness of workable coal between the aggregates at the two collieries, say 25 feet, 

(at the rate of 1,000 tons per foot of thickness per acre of seam), we should have 400,000 tons 

for every 6(1 feet down the seam along the whole length ol two miles. As at many places 

the seam may be followed for many hundred feet, it is apparent that, without any very 

unwarrantable assumption, we may count upon a large supply ol coal for many years to come.” 

I observe in a recent report of the Narbada Coal and Iron Company (published in the 

‘ Mining Journal’ for July 6th, 1872), use has been made of the last words of this quotation, 
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without any mention of the conditions so pointedly attached to them, and without any notice 

of the unfavorable realization of those conditions as proved in subsequent trials and as already 

published in my report of May 1871 (Rec. Geol. Sur., Vol. IV., page 67). Some further trials 

during the past season in the same ground to the north of the mines have not resulted in 

anything more hopeful. Shallow pits and galleries were driven upon the outcrop in several 

places, but the seam, besides being greatly crushed, exhibits much original impoverishment, 

shale having to a great extent taken the place of coal. It is certain, however, that this 

change is only a local accident, not a steady northerly extension of the coal, for in the vertical 

seams still further north, in the abandoned miues of the Sitariva Company, the coal, though 

ruined by the crushing it has undergone, does undoubtedly represent a rich deposit. 

This fact of rapid local change suggests an explanation of a very puzzling structural 

feature in the Narbada Company’s mine. It has been often mentioned how the massive 

bed of coal stops out on the north-east against a steep face of sandstone. Although there 

were little or no signs of friction, and sometimes not even of crushing in the coal, this feature 

was accepted as a fault, having, according to the ordinary rule, an upthrow on the north-east. 

On this supposition a gallery was driven across the bedding, the (lip being north-easterly, 

to find the coal beyond the fault; shafts were also sunk on the hill above the fault on tho 

north-east, but without any success. On the chance of its being a reverse fault, a boring was 

driven to some depth, the shaft of the mine under the river proving the same ground, but the 

seam was not found. It was thus plain that, if a fault, it must have a very considerable 

throw. Against this, however, some very strong d priori reasons were existent. The boun¬ 

dary of the two formations sweeps across the run of this supposed fault without any dis¬ 

placement, showing that the age of the fault (if it existed) must be older than the Mahadeva 

beds, and on the other hand the constant parallelism of tho strata in tho two formations, with 

great steadiness of horizon in the lower group at tho boundary, would be almost incompatible 

with so great a disturbance affecting the lower group only. There is some direct evidence in 

support of these arguments ; in the gallery and the shafts driven beyond the ‘fault’ in search 

of the seam, a quantity of hard black sandy clay with thin st rings of coal was cut, for which, 

unless it represent the seam, no horizon could be assigned. I believe then that this is only a 

fault in the wider sense given to the term by miners of the nature of what is sometimes 

called a horse-back, a thick drift of sand against which the coal deposit ended. An analo¬ 

gous feature occurs in the new mine on the lower seams ; theso stop abruptly against an east- 

west fault, of which a section is exposed in one of the road cuttings, showing certainly 

some slipping along the crack, but in the position of the seams beyond this small slip there is 

only found a band of coaly shale and eveu this dies out within a few yards. 

Regarding tho exploration of the Satpura coal basin in other regions, I would strongly 

recommend that efficient trial be made both in the Dudhi and Tawa valleys at some distance 

from the north boundary of the field. In my detailed geological description of the ground 

I notice some features which complicate very much the calculation of the depth at which the 

coni may ho cut; indeed any estimate at present without any local precedent to guide one 

would be no more than a guess. The analogy of other Indian coal fields, so far as known, is 

altogether in favour of the coal here boing within a workable depth. I would recommend 

Budi, in the Dudhi valley, and the banks of the Suk Tawa, south of Kcsla, in the Tawa 

region, as suitable places for trial borings. An analogous position might be chosen at Bichla 

on the Sitariva. All these places would be clear of the unfavorable conditions—coarse con¬ 

glomerates, high dips,and copious trap intrusions—which increase the difficulties of exploration 

close to tho boundary of the field, as has been so unfortunately experienced in the trials made 

by the Narbada Company; the borings they have attempted to the south have‘come to 

grief at small depths in the coarse conglomerate. The only inducement to keep near the 

boundary there, was to be more or less within known and calculable conditions. In choosing 
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actual sites for borings in the positions now recommended, the point may be decided entirely 

with reference to the convenience of surface conditions for the operation, the geological 

data being so vague as to leave the exact point immaterial within a considerable range; only, 

give a wide berth to trap dykes. 

The discussion of last season’s observations on the north boundary of the Satpura basin 

lias led to an inference of the possibility of coal being found in the Narbada valley itself. 

Shallow borings through the alluvial deposits would show whether these were underlaid by 

the metamorphics, or by formations belonging to the coal series. I would recommend 

Gadurwara and Bankeri as suitable positions for this experiment. 

H. B. MEDLICOTT. 

August 1872. 

Note or the value of the evidence afforded by raised oyster barks or the 

coasts of India, ir estimating the amount of elevation indicated thereby, 

by W M. Theobald, Geological Survey of India. 

In a paper in the Records of the Geological Survey, Part 3 of 1872, on the 

geology of the Bombay Presidency, Mr. Blanford quotos some observations made 

by myself in 1858, establishing the elevation of a portion of the Kattiawar coast during 

very recent times, and it is with reference to some of the evidence adduced in support of this 

assertion, and in order to correct an error caused by misreading of my notes, that I would 

here offer a few remarks. Mr. Blanford (loc. cit.), page 101, makes my estimate of the 

rise in the coast that took place in 1856 to amount to ten feet, a misreading for two, 

the words used by me being as follow:— 

“Many of these oysters are seen with both valves attached, and evidently but recently 

dead; and as oysters of this size are never uncovered, I presume that an elevatory move¬ 

ment of at least two feet, and probably more, took place in 1856, the year when all the 

oysters in the creek were destroyed”. Of course a clerical error of this sort is very easily 

made, and in this instance the actual amouut of elevation that took place may in reality 

have been nearer ten than two feet. The evidence, of course, of the occurrence of oysters 

of a sort never exposed by spring tides above low water mark is conclusive, but does not 

permit a very exact gauge as to its amount. There is, however, another point connected 

with the question on which I would record a caution. There are on the eoasts of India three 

species of oysters which are likely to be made use of in determining questions of littoral eleva¬ 

tion, viz., the creek oyster, the shore oyster, and the rook oyster. The creek oyster is a 

large species something like the fossil O. lingula. Sow., and possibly, Dr. Stoliczka thinks, iden¬ 

tical with O. Talienwahensis, Crosse, and attaining occasionally the length of a foot. It is ex¬ 

cellent eating and universally esteemed, but it is only procurable at the springs, as it rarely 

occurs in less depth than a little below lowest spring tides, and never, as a rule, above that 

level. 

The second species is, in my opinion, merely a variety of the last, and Mr. Hanley, (o whom 

I submitted specimens, declared they were barely distinguishable from the European O. 

edulis, L. This species occurs sporadically between tide-marks botli on the coast of 

Kattiawar and the eastern shores of the Bay of Bengal, in common with both the other 

species, and from its sparse mode of occurrence is, in my opinion, merely an abnorma form of 

the first, reduced in size and altered in appearance by the uncongenial surrounding amidst 

which it has been developed. A specimen collected by myself of this form is figured as 0. 

nigremarginata, Sow. in Conch. Iconica, Plate XXXIII, 84. The third species is the little 
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slipper oyster 0. cucullata. Born, which is seen crusting every surf-beaten rook wherein 

little else save a limpet or barnacle could make good their hold. This oyster is eaten 

largely, and is generally wholesome, but as it occurs in creeks and spots where it becomes 

subjected to very unnatural conditions a little caution should he exercised, as under circum¬ 

stances it becomes, I believe, unwholesome. In places exposed to the open sea and the roll of 

the breakers, it would seem to flourish vigorously anywhere between tide marks, but in 

more sheltered spots its proper range seems to be lower, although its vitality is such that 

there seems to be no spot to which the fry can gain access, whereon they will not grow to 

maturity. As an instance of this I will mention oue case on the Arakan coast, where I noticed 

this species growing at the extreme (neap) high water level; indeed I may say above it, 

where the oyster could never have obtained two hours continuous immersion at any time, and 

that only during a few days in the month whilst for many days together it must have remained 

with its valves closed. The spot where this was noticed by me was a small island off the 

coast on its sheltered side. The rocks were sandstone and there was no shelter from the 

sea. I landed at high water (neaps), and the oysters I saw along the margin of the water 

were, it seemed to me, dead judging from that position. On knocking off one, however, with 

a hammer, I found it was alive, and on putting it into my mouth rcmai-ked that it felt un¬ 

pleasantly warm. Prom this we may draw the conclusion that in investigating a raised beech 

or littoral tract the evidence afforded by the presence of the small O. cucullata only reaches 

conclusively to demonstrate the difference between the spot raised and high water mark, 

and that without additional evidence no greater amount of elevation can he deduced there¬ 

from ; whilst the presence of the larger creek oyster in any raised deposit may be held to 

establish the olovation of the spot it occupied to the full amount of the interval between it 

and low water mark. In all accounts, therefore, wherein oysters are recorded as raised, it is 

very important to obtain specific information as to which oyster is meant, the difference 

involved in the discrimination amounting to the entire height to which the tide rises in the 

locality in question. 

Note ok a possible field of coal measures ik the Godavari District, Madras 

Presidency, hy AVilliam King, b. a., Deputy Superintendent, Geological Survey 
of India. 

About twenty miles to the westward of Rajamahindri there is a great area of 

brown and red Kamtlii sandstones, &c., which was very rapidly examined and subsequently 

described by Mr. W. T. Blanford. * One of the desiderata of this examination was to 

ascertain if any further indications of underlying coal-hearing rocks existed than those 

already known on the Godavari river, but Mr. Blanford was only successful in finding 

a small field of these, to which he refers as follows:—“In only one place was any rock 

seen which had a distinctly Bardlear character. This lies south of the village of Beda- 

nol, nearly due east of Ashraopetta, in a stream, and even in this case the rock was only 

white felspathic grit unaccompanied by shale or any other typical Damuda formation.” 

During the latter part of the working season just concluded, I have had an oppor¬ 

tunity of going more closely over so much of Mr. Blanford’s area as lies within the Goda¬ 

vari and Kistna districts, but still without having found any other locality than the 

one pointed out by him. Neither could I, here, find any trace of coal, nor is there any 

knowledge in the neighbourhood of its ever having been seen. There is yet, however, the 

possibility of a seam being found by closer search, considering that, there are in the stream 

Rec. G. S. of I., 1871, page 4, 1872, page 1. 
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courses numerous sand-filled gaps between outcrops of rock which may be scoured out 

differently every season and may thus show coal which we have missed *. 

The absence of shale, as noticed by Mr. Blauford, is not necessarily of material conse¬ 

quence, as local experience shows, for no shales are exposed in either the Singareny, or 

Pungady Yagu (Kauiarum, Nizam’s dominions) fields, the coal seams in both cases being 

sharply interstratified with sandstones. 

This being, up to the present, the only known locality in the Madras Presidency Proper 

of sandstones belonging to the Indian coal-bearing rocks, it possesses more interest than 

it possibly deserves from the small extent of the field and absence of any absolute indica¬ 

tions of coal. On this account, as well as because it may be found advisable to try the field 

by boring, the following short details are given. 

The field of these Beddadanol beds is about 5J square miles in extent, being situated on 

the head waters of a large feeder of the Yerra Kalwa, with the village, or rather few huts, of 

Beddadanol in its midst. It is some thirty-eight miles west-north-west of Kajamahindri, and 

about four miles or so from the boundary of the Nizam’s dominions near Askwarowpetta. 

The nearest large village, Guunapawarum, lies a mile and half to the south. The area of 

sandstones is itself covered by thick tree-jungle and very thinly populated. 

The strata extend for some width on either side of the river; on the left there is a 

width of little more than a mile, with a length of something more than four miles, while 

the patch is narrower on the right, being about a mile wide in the middle and thinning olf 

to the north and south. The rocks are thick and thin bedded, coarse felspathio sandstones, 

rather friable, of white or pale grey and buff colors, weathering much darker. They occa¬ 

sionally exhibit ferruginous concretions on the weathered surface like the sandstones of 

the same group at Lingala oil the Godavari. Generally, the resemblance to the sandstones 

of the Singareny coal-field is most striking. The dip is, as a rule, south-west or westwards 

at low angles of 2°, 5°, 10°, and there are occasional undulations. 

In the small stream south of Beddadanol there is a tolerably continuous outcrop of 

sandstones, having a general dip of 2”—5° to south-west, with frequent easy rolls all down 

the bed until it debouches on the main stream. Very much the same kind of section is 

seen up the nullah north of the village, and again in a side sti’eam further north. In the 

main river there are frequent outcrops of these sandstones below the junction of the first 

feeder mentioned above, and away in the jungle on either bank: but the best outcrops are 

seen higher up at the watering place north-west of Beddadanol, and thence upwards along 

the river course. Here there is a good deal of sandstone displayed on either side of the 

stream in thick beds, having an easy dip to the west. These are overlaid by a more compact 

and hard brown bed which seems to mark the change upwards into Kamthi beds, as it is suc¬ 

ceeded by thinner yellow strata, and then by the red purple and brown beds so characteris¬ 

tic of that series in this part of the country. 

It is very difficult to estimate the thickness of the Barakars as developed in the area 

under notice, owing to the frequent rollings of the strata; but as far as could be made out 

on the three stream traverses of the Beddadanol side of the field, there must be at least 

300 feet without reckoning the strata on the other side of the river which are not at all 

so clearly seen. 

* As an instance of the rarity of exposure of coal seams, the case of the Singareny (See Rec. G. S. of I., vol. V., 

part 2) coal field may be cited, the seam haviug only become exposed by the merest accident of the water in the 

stream being so low. 
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To the west of the field, the land rising t.o the low flat-topped hills of Perrumpoodee, 

&c., is all made up of Kamtlds, under which the Beddadanol Bardkars may extend for 

any distance, though they will—if such he the case—be at too great a depth to justify mere 

trial boring, unless some better evidence of coal can be obtained from the sandstones now 

exposed. Along the eastern edge of the field the strata are lying directly on qnartzose 

gneiss, without any interpolation of Talchirs. Indeed, around the edge of the whole of 

the area in the two districts now referred to there is no occurrence of these latter rocks; 

tho Kamtlds, except in. Beddadanol neighbourhood, resting on gneiss. 

On the whole, it is very much to be feared that there is here only a small patch of 

Bardkars which does not extend far under tho Kamtlds-, so that, if coal were eventually 

struck, the quantity would be so small as to bo merely sufficient for local use. According to 

nil the observations and conclusions of my colleagues who have worked at the coal rocks of 

1 ndia# it seems pretty clearly established, that the Kamudas, so extensively developed in 

Bengal, became of less and less importance to the west and south-west, the Raneegunge beds 

eventually being entirely absent or represented by rocks containing no coal, until there was 

only a scries of small outlying basins of the lowest group or Bardkars deposited on the lower 

part of the Godavari valley which now remain as the coal-fields on the Pungady Yagu 

(Kamarum) and at Singareny, and last the saudstones of Beddadanol. On the other hand, 

fhe Kami his, considered to be in part at least representative of a higher series (Panchei) 

have thickened out greatly in this direction, and constitute the great area of sandstones to 

tlie north of Ellore and west of the Godavari; which have in no case been found to contain 

coal. 

There may, of course, be other patches of Bardkars under this spread of Kamtlds, 

but it would be working on mere chance, and at a most enormous cost, to attempt to pierce at 

random through this thick series on the expectation of striking on any bidden coal store. 

The succession of these Kamtlds is so dear one bed under the other for the whole distance 

across the strike from south-west to north-cast, at a varying dip of 5°, 10°, 20°, to the south¬ 

west, without once a sufficient undulation to bring the bottom beds nearer to the surface than 

they can he struck along the north-east edge of the field, that all borings would run to an 

enormous depth. The only locality where at one time there appeared the slightest chance 

of finding lower beds brought nearer to the surface was in the Ponakamaud Station range 

of bills, about 24 miles due north of Ellore, but it was soon found that the strata on the 

north-east slopes of the range were still underlaid by many hundreds of feet of beds of the 

same series. 

Nevertheless, the finding of coal in the Madras Presidency is of such vital importance 

that it seems advisable to have a series of borings made in the Beddadanol field. A very 

few trials, and these of no great depth, possibly not more than 300 feet at the most—and 

even this depth could to a great extent be avoided by putting short bore-holes down in a line 

across the strike—would settle a question liable to crop up continually so long as it was 

believed that sandstones of the coal measures existed in the Godavari district which had not 

been explored in this way. Boring tools could probably be obtained from the depots on the 

adjoining Godavari works, and possibly competent parties to take charge of the trials. 

WILLIAM KING. 

See Rec. G. S. of X., part 3, vol. IV. 
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Note on the Lameta or Infra-trappean Formation of Central India, by H, B. 
Medlicott, M. a., f. g. s., Deputy Superintendent, Geological Survey of India. 

Recent work enables us to record some fresh observations regarding the formation 

denoted in tko publications of the Geological Survey as the Lamota or the infra-trappeau 

group of Central India. Although never more than from one to two hundred feet 

in thickness it has a wide range, occurring continuously for great distances along the 

eastern base of the Deccan trap; from the Nai’bada valley round by Amarkantak to the 

Nagpur and Chanda country. It is principally of interest for the evidence it may give as 

to the age of the great volcanic formation with which it is so closely connected. Its 

position in this question is apparently conflicting, and offers an interesting test of the 

independent application of palaeontological determinations. Examined from the east 

these deposits would certainly be (and have been) identified with the very similar inter- 

trappean beds occurring in the adjoining sections; and those have been considered to be Eocene. 

This opinion was first formed from th a facies of the fresh water and terrestrial fossils, 

which are the only organic remains found in those intertrappeans in tho upland country; 

but it has received support from the examination of tho few marine fossils found associated 

with the others in the distant outlier at Rajamahindri near the mouth of the Godaveri. 

This position is geographically related to that of the upper cretaceous deposits of Trichi- 

nopoli; but Dr. Stoliczka has found that the marine fossils of the Rajamahindri inter¬ 

trappeans are distinct from any occurring in those topmost cretaceous deposits. On the 

other hand, examined from the west, up the Narbada valley, tbe Lameta beds would be 

(and have been) connected with the infra-trappean deposits of Bagh and Barwai, and these 

are cretaceous (Middle Cretaceous according to Dr. Martin Duncan, Quar. Jour. Geol. Soc., 

London, Yol. XXI, p. 349). 

The last discussion of this question was by Mr. W. T. Blanford (in Yol. VI, Mem. 

Geol. Sur., pp. 156-160 and 207-218, and Rec. Geol. Sur„ Vol. V, pp. 88-93), and a 

strong case was made for the correspondence of certain infra-trappean deposits through¬ 

out the Narbada valley. Mr. Blanford’s remarks upon the eastern area were not all based 

upon his own observations, but partly upon previous work of old date on the Narbada 

coal-basin (1. c., Vol II), in which it was conjectured that the Lamota beds on the east 

might be the equivalent of the Mahadevjt sandstones of the Paehmari hills. Ho was thus 

led to assimilate tho calcareous portion of the Bagh series and tho sandstones conformably 

underlying them to tbe Lameta limestone and to the Mahaddva sandstone respectively. 

Recent detailed work has shown that all the rocks known as Mahaddva in the Narbada 

region belong to a great plant-hearing series, tire youngest member of which is the 

Jabalpur (jurassic) group; the Lamota deposits being totally unconformahle to this group. 

This separation of tho Lameta and Mahaddva groups is so wide tbat were Mr. Blanford’s 

conjectural identification of the sandstones confirmed, it would give very strong presumption 

of the separation of the two limestones ; hut it was upon the correspondence of these that 

Mr. Blanford laid most stress ; and for them tho case stands much as he left it; the 

stratigraphical break between the cretaceous deposits of Bagh and the trap overlying them 

being much less marked than the break between the trap and the nummulitics of Surat 

and Bharoch. Mr. Blanford was disposed to consider tho volcanic formation to be 

more nearly cretaceous than tertiary. The comparison of tho Rajamahindri fossils had 

not then been made, but Mr. Blanford, to some extent, anticipated the result by saying 

that exact specific identity can scarcely bo expected, the Rajamahindri hand being, 

I think, estuarine, while all the Trichinopoli beds are purely marine.” The separation 

of the Lametas from the intertrappeans has not lately been contemplated by any one; 

Mr. Blanford notices (1. c., p. 216,) how undistiuguishable they are lithological’y; and. 
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of course, the confirmation of their close affinity would be a link in the chain of evidence 

he brought to bear upon the age of the eruptive rocks. Thus the solution of this interest¬ 

ing question seems closely connected with the determination of the correspondence of 

the thigh beds and those similar deposits on the same infra-trappean horizon. 

The Lametas, though so much more extensively developed than the intertrappeans 

have yielded comparatively few fossils. Vertebrate remains, some very large, have been found 

in them at Jabalpur, and elsewhere some shells, establishing the fresh water origin of the 

group ; and so far, its prim/t facie connection with the intertrappeans. One would 

then naturally go on to apply the same explanation to the formation of this fresh water 

basin as that given by Mr. Blanford for the intertrappeans, namely, the stoppage of local 

drainage by the outflow of trap. This would at once annex the Lametas to the trappean 

formation. The great comparative continuity and extent of the Lameta deposits 

presents some difficulty to this supposition; the conditions would rather suggest some 

more general cause, such as tilting of the surface, by which the drainage of a large area 

would bo thrown back, and the direct evidence which might be looked for to connect them 

with the trap is wanting. There is not a single instance known throughout this extensive 

formation of a bed passing from it over and between trap flows, although it is very common to 

find trap close to thick Lameta deposits, and at a lower level. This circumstance involves 

considerations, some of which have an important bearing upon tho relations of the two 

formations, implying, as it does, either (1) abrupt inequality in the Lameta deposits; 

or (2) considerable pre-trappean denudation ; or (3) disturbance of the deposits, whether 

before or after the advent of the trap. The principal object of the present paper is to 

illustrate this feature of the case. 

The Lameta group is well exposed in the immediate neighbourhood of Jabalpur. 

The undulating ground to the east of the station is on the thick soft sandstones and 

pale shaly clays of the Jabalpur group; the flat hills beyond being of the Lamdta 

beds, capped by trap. On the little ridge to the north-east of the station, the Lametas show 

their greatest development, being about 150 feet thick. The south-west summit of this 

ridge, locally called Chota Simla, is capped by about 20 feet of trap; and on the 

north-east, where the Trigonometrical Survey Observatory Station is erected, there is a 

crest three-quarters of a mile long formed of trap, to a thickness of about 50 feet. 

This ridge quite overlooks the trappean plateau to the south-east, from which it is partly 

separated, on the west, by the valley of the Marjadlia stream, cut through the Jabalpur 

sandstone, the base of the Lametas here being close nnder the stoop rise of the ridge. 

This level is maintained by the junction along the little valley, at the head of which the trap 

of the plateau rests upon the Jabalpur group, thus giving a strong case of apparent 

unconformity, the whole 150 foot of Lametas disappearing within a distance of half 

a mile, at the level of the bottom bed. South of the little valley the Lametas come in 

again at first only 5 to 10 feet thick, but increasing gradually to tho south, the base 

of the group sloping down under the alluvium in a length of about one mile and a half. 

Regarding the junction of the Lameta group with the Jabalpur beds this section 

gives apparent presumption of unconformity. It would bo difficult to give clear evidence • 

on this point from this locality, on account of the massive irregular structure of the 

Jabalpur deposits ; and it is evident that such features as those described might be caused 

by a slight undulating disturbance of two conformable groups, followed by denudation 

before tho advent of the trap. There is, however, ample evidence elsewhere of the dis¬ 

cordance of the Jabalpiir and Lameta groups; the latter passing indiscriminately across 

the former, and even here, at the east base of the observatory hill, an inlier of Jabalpur 

sandstone is weathered out from the surrounding Lameta limestone. 
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But it is the upper junction that we are now concerned with. For this case the sup¬ 

position of slight disturbance and considerable denudation of the Lametas, both pre-trappean, 

is prima facie suggested by the section described. It is desirable, though difficult, to keep 

separate the argument for those two operations. If the supposition of disturbance ho 

excluded, thereby leaving the present under-surface of the LamStas the same as at the time 

of deposition, it becomes almost necessary to suppose that they extended in greater force 

than we now find them over the ground to the south, and hence that they were removed 

before the overflow of the trap; for, it is difficult to imagine how, in a small area, the 

thickest deposits could be accumulated on the highest ground, much of them being composed 

of fine sand and clay. It is not either a uniform thinning to the south ; for in that direction 

they thicken again before passing under the alluvium. If we are to explain the great con¬ 

trast in thickness to the north and the south of the little valley by the presence, at the 

time of deposition, of a ridge of Jabalpur sandstone in the position of the present valley, 

the fact of pre-trappean denudation would be equally established, for the trap now rests 

on the sandstone, at the head of that valley, at the level of the bottom beds of the LamCtas. 

If, on the other hand, we explain the fact of the deposits being at present thickest on 

the higher ground, by supposing a change of level subsequent to deposition, it would be 

possible to dispense with denudation, and we should be called upon to decide whether the 

disturbance occurred before or after the out-pouring of the trap. The very rough structure 

of stratification in volcanic rocks would make it very difficult, indeed, to find conclusive 

evidence for or against this position. It can only be said that tlio general distribution of 

the Lameta deposits suggests a slight relative change of level since their formation; and 

that the only direct observation bearing upon this point seems to show that the trap did 

not participate in that movement: at the base of the low scarp east by south of the village 

of Pachperi there is a marked apparent dip of the Lameta limestone by which the trap 

does not seem to he affected; on the contrary, the level is maintained by a thickening of the 

sand overlying the limestone. This dip is spoken of as ‘ apparent,’ because the original 

irregularities in the Lametas are so rapid that one cannot be certain that the feature here 

was really induced by disturbance. 

The internal evidence of the Lameta deposits throws some light upon these general 

considerations. No constant sequence or composition could be given for the group. A 

limestone is its only general characteristic; sometimes forming the whole of the band, 

sometimes quite subordinate in detrital deposits. All these conditions are illustrated at 

Jabalpfir. At the point of Chota Simla hill, and on the outlier to the west of it, the 

section is as follows:—at base is a thick, false-bedded, fine, porous, friable sandstone, pale, 

generally of a green tinge, sometimes a deep glauconite green (but not from green grains), 

locally purplish and mottled. At top it is much mixed with fine laminated clay, which 

again passes into earthy, dirty, pebbly, sandy limestone. It is in this bed and locality that 

vertebrate remains have been found. This limestone is here overlaid by fine crumbling 

sandy clay, pale purple mottled by green. Sandy layers are frequent, also strings of 

nodular limestone. The top limestone is a development of this tendency: it is prominently 

sandy, and is overlaid by sand. The crest of the ridge between the two terminal cappings 

of trap is formed of this upper limestone. To east of Chota Simla the lower limestones 

thicken greatly, replacing the bottom sand; and the whole section varies indefinitely. Under 

the trap on the observatory hill the top sand is well developed; a peculiar rusty, soft, fine¬ 

grained rock, quite devoid of earthy matrix; very like a common form of decomposing 

Jabalpur sandstone, but quite unlike the usual sands of the Lameta group. This peculiarity 

makes it very useful in revealing the internal arrangement of the group, as it happens to be 

pretty generally distributed in this neighbourhood. Thus, on the south side ot the little 

valley of the Marjadlia (see the figured section) there is a scarped terrace formed of a single 
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strong bed, 10 to 15 feet thick, of Lameta limestone, resting directly on the sandstones 

and clays of the Jabalpurs ; and upon it rests the trap, forming a second scarp; only at two 

or three spots one finds between these a remnant of a sand identical with the top bed on the 

observatory hill. In normally bedded rocks one would primd facie conjecture from such a 

section that the limestone here was the upper band of the ridge, requiring, of course for the 

non-appearance of the lower beds, the supposition of original overlap, with subsequent change 

of bed. On the ground, however, one cannot resist the conclusion that the limestones fac¬ 

ing each other on opposite sides of the little valley are the same baud, they so exactly 

correspond in every character; so that one is forced to account for the discrepancy otherwise, 

by the absence of all the middle beds of the ridge. The identification of the limestones on 

opposite sides of the valley, and their exact correspondence in level, sets aside the intro¬ 

duction of any abrupt change of bed at this point, so that the difficulty at first brought to 

notice of supposing the original dying out of such deposits as those of the middle beds of the 

ridge meets us now within the Lameta group itself; and the contrast of thickness and of 

level is so groat that one has to suppose a contemporaneous denudation to have assisted the 

irregularity of deposition, so as to admit of the top and bottom beds of the group coming 

together within such a short distance; a general undulating disturbance having still further 

increased the apparent anomaly of the actual features. 

The considerations stated in the last paragraph, by bringing the chief discrepancy 

within the group itself, would seem to dispose of the main point at issue—the unconformity 

of the trap on the Lamdtas. But such is not the case, even for the particular section under 

notice. The top sandstone is in force on the observatory hill, and again so to the south 

of the Paehperi flexure ; and it continues so beyond the Marjadlia valley to the south-west. 

On the Paehperi terrace, however, between the two first of these localities, one finds the 

nearest remnants of it, and this only locally between the trap and the limestone. Its 

absence is most reasonably accounted for by denudation. 

There are some local sections near Jabalpur independently involving the conclusion 

of a pre-trappean denudation of the Lametas. The ridge on which the European hospital 

stands is formed of Lameta limestone. In the river, a quarter of a mile to the east, the 

limestone associated with mottled sands reaches from the water’s edge to some 50 feet on 

the hill-side. In both positions there is a capping of trap; but between the two, on the 

north face of the rising ground, the trap reaches to a lower level. Again, in the reverse 

valley, to the north-east of the Marjadlia water-shed, the trap reaches nearly to the stream 

on the south-east side, at a much lower level than the Lameta limestone within a few yards 

of it on the north-eastern spur of the observatory ridge. 

The views illustrated in the foregoing remarks upon the sections at Jabalpur are briefly 

these : that the Lametas are clearly pre-trappean ; that there is good evidence for a slight 

pre-trappean disturbance of that group; and, that there is conclusive evidence for pre-trap¬ 

pean denudation. 

The local denudation of the Lameta group would not be of much significance as an 

indication of any partial separation of it from the trappean formation ; for, as Mr. Blanford 

has himself shown, the inter-trappeans have also suffered denudation before their inclusion 

by the trap. Mr. Blanford indeed, did not propose any separation of the Lamdtas from 

the inter-trappeans, hut rather, through their connection, to establish the cretaceous, rather 

than the tertiary age of the trappean formation; the correspondence of the Lametas with 

the Bagh beds being the point he most insisted on. And, certainly, the petrographical homo- 

logy of these groups is very striking. The considerations here offered tend to confirm 
that identification. 
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The denudation of the Lametas seems to have been much greater to the west than to 

the east. Prom Jabalpur they can be traced continuously for great distances round the 

Maudla plateau. That so moderately thick a formation should be so unbroken proves, at 

least, that the basin in which it was deposited was not there laid dry for any considerable 

period before the advent of the trap; if it does not indeed establish a closer connection 

with the volcanic outburst. It is very different to the westward : in going along the 

Narbada valley gaps become more and more frequent, and of greater length. In most of 

these cases it is demonstrable that the deposits are only denuded remnants, the volcanic 

rock frequently appearing close by at a lower level. 

The most westerly occurrence of these patches of Lametas— that can, at least, be 

included with the main area of that formation, there being a break of 130 miles on the 

south side of the valley between it and the infra-trappeans of Punasa and the Dliar Forest— 

is deserving of special notice for the peculiarity of its position, and because large vertebrate 

remains, though scarcely perfect enough for identification, have been found in it. It is not 

even quite certain that it is Lameta, because the supporting rook is not visible; but the 

lithological characters are so marked as to give much confidence in the identification. It 

forms a small inlier, weathered from beneath the trap in the bed of the Shcr river, under 

the village of Kareia. There is a deep pool in the river, on the up side of which massive 

trap forms a steep fall; while on the down side of the pool, twenty yards across, these 

Lameta beds rise abruptly, having a small dip down stream. The trap appears in the 

hank above them, resting on a highly baked red sandstone, the top surface of a greenish 

earthy rock, which is confusedly associated with a more ordinarily pebbly sandstone and with 

a sandy pebbly limestone; a total thickness of about 15 feet. Within about fifty yards 

the trap again occupies the bed of the river, and some eighty yards lower down the water 

cuts a narrow gorge through massive Jabalpur sandstone, for about two miles. The cross¬ 

ing trap seems to he part of the same mass as that facing the strata on the opposite side of 

the pool: thus implying a steep face of denudation. If this patch of Lametas was ever 

continuous with the main area, it must have been through valleys now filled up by trap, 

for it is separated from the present Narbada valley by a broad raised area of Jabalpur 

sandstone. In this region the Lametas do not intervene between the trap and the Jabalpurs, 

even at very small elevations. 

If it he assumed that these patches of Lametas are indeed remnants of a once conti¬ 

nuous deposit, this feature of denudation in the western region becomes a very important 

one. At present I see no escape from that conclusion : these patches are all on the same 

approximate horizon, and there is in most cases no assignable reason for their original 

limitation as local basins. The suppositions of once intervening marks of older rocks would 

equally prove the great denudation. I think, moreover, we are hardly at liberty to suppose 

these local basins to have been determined by intervening trap-flows, for the reason already 

stated, that no single case has been observed of Lameta beds overlapping, however steeply, 

on trap. 

It is important to notice a precaution that must obviously he taken in applying this 

crucial test of the pre-trappean horizon of the Lameta beds. The Deccan trap is found in 

different regions of its very extended border resting upon metamorphics or other old forma¬ 

tions at every level, from the moderate elevation of the Narbada valley up to the highlands 

of the Western Ghats. Its local base must, therefore, bo presumed to he of different horizon 

in the formation at these different localities. It must so happen that on the horizon of 

the inter-trappean deposits, these should occasionally lap freely over the trap, on to the 

adjoining rocks ; and they would, moreover, in such positions assume the sandy, pebbly 

character so common in the Laradtas, and so rare in the strictly inter-trappean basins. 
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There though locally infra-trappean, these beds would, of course, belong to the inter-trappean 

horizon. In his sketch of the Geology of the Bombay Presidency (Records, Geological 

Survey, Yol. V, page 93), Mr. Blanford notices some cases of this kind, as observed by Mr. 

Poote in the Kaladgi and Belgaon districts. The fact that in these exceptional positions 

the deposits contain the usual fossils of the inter-trappean beds only brings into greater 

contrast the prevailing absence of such remains in the much more largely developed deposits 

of the Larneta group ; and also the occurrence of these overlaps in the comparatively 

restricted inter-trappean deposits gives some warrant to the demand for their production in 

the case of the widely extended Lametas before these can be accepted as cotemporaneous 
with the trap. 

August 1872. 

A BRIEF NOTICE OF SOME RECENTLY DISCOVERED PETROLEUM LOCALITIES IN PeGU, 

by W. Theobald, Geological Survey of India. 

In the third number of the Records of the Geological Survey for 1870, a brief notice 

is given by me of the occurrence in Pegu of petroleum at the then newly discovered locality 

of Pudouk-ben near Thaiet-mio. Since that date two other localities have been the scene 

of a not unsuccessful search for petroleum, the main facts connected with which I will here 
review. 

The first locality visited by me is situated eleven and a half miles west of Prome 

Pagoda m a small stream falling into the Boogoo river, and three miles above the village 

of Toung-bo-ji, on the same small stream, which has no name applied to it on the published 

maps, but is locally known as the Mahu-choung* This spot lies within the area of the 

unaltered nummulitie rocks, and is situated in a belt of undulating jungly ground, charac¬ 

terised by a general absence of water, and wherein, consequently, no villages exist, the scarcity 

of water appearing to depend on the impermeable character of the clays, which here mainly 

form the surface of the country. No good section of the beds is seen between Prome and 

the Mahu-choung, and the passage from the impermeable clays of the newer tertiaries to the 

similar beds of the nummulitie group is obscure and unindicated on the jungle clad surface 

of the ground by any obvious physical sign. The cause of this is the absence here of the 

nummulitie limestone, the highest member of the group, and, where present, an excellent 

horizon for the newer group; but this rock has here died out, and in default of good sections, 

the boundary of the two groups is thereby rendered indistinct. 

The petroleum was first detected by some squatting families of Cutch-boilers, who settle 

in this arid tract as long as surface water is procurable in the small pools and watercourses 

in it, and these men remarked that in some spots where the water was very low and on the 

point of drying up, it possessed a flavor of petroleum. The presence of petroleum was, 

am informed, noticed as a film on the water, where a dam had been thrown across the 

Mahu-choung near the village of Toung-bo-ji, below the spot where petroleum has since been 
obtained. 

An enterprising and intelligent Chinaman possessed of a little capital determined to 

test the value of these surface indications, and sank some shafts along the course of the 

stream and on a line having an east by north bearing of less than one hundred yards in 

• ,,_‘e most Prol«isiug shaft. No. 2, was sunk in the bed of the stream, which was 

ar lhcmlly deflected round it, and was carried to a depth of over 40 feet, through light- 

* Choung = river or stream. 
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bluish clays containing Foraminifera (Triloeulina or some allied form), but few other fossils, 

and evidently an homogeneous deposit formed in still water. The clay has not been pierced 

by the shaft, and, though yielding petroleum, does not appear to be the source or mother bed of 

it. I judge then from the petroleum appearing to line cracks and interstices in the clay 

rather than to be disseminated through it, as may bo seen by fracturing the larger pieces, 

which, though superficially imbued to a small extent, do not seem to be equally permeated 

by it throughout, that it seems probable that the true naphthagenous beds of the group have 

yet to be reached. Into this shaft petroleum trickled at something like two gallons a day, 

till it became filled with water and was abandoned during the monsoon. 

It may at first sight seem a curious thing that no more petroleum escaped into the 

shaft after it had become full of water; but I think a sufficient explanation of this lies in 

the mode of stowage of the petroleum in the rock. The oil occupying minute fissures or 

partmgs in the clay escaped by mere gravitation into the shaft as'long as it was kept clear ; 

but became at once arrested in its course, and, so to say, ponded back when met and opposed 

by the pressure of a column of water of 40 feet. 

I have since heard that the shaft has been re-opened and deepened, and that thereon the 

petroleum recommenced to flow, but the ultimate results of the experiment I am unable at 

present to ascertain. 

The second locality near the village of Bau-byin (Pau-fyeng in map) is situated some 

Bau bjin twelve and a half miles west-north-west from the circuit house at 

Thaiet-mio, and about a mile above the village, which is on the 

banks of the stream, which falls into the Irawadi a little above Thaiet-mio. It is moreover 

distant about four miles north-east of the Pudouk-ben locality, previously noticed in the 

Records for 1870. 

In the neighbourhood are several spots where indications of petroleum occur, all in 

beds of the newer tertiaries and on pretty much the same horizon therein. Bluish shales 

are the predominant beds here, interspersed with sandstones; and fossils are not rare 

throughout of the ordinary aspect of the fossils of this group, sundry species of Arm, 

Pecten, Isocardia, Ostrea, Solen, Cypraa, Conus, Turritella, with crustacean remains 

and shark’s teeth, having been procured by me in the vicinity. 

In the stream about a mile above the village, the blue shales are exposed in a steep 

bluff undercut by the river, and a brown colored patch near the level of the stream indicates 

the extent to which the infiltration of the shales by petroleum has here reached. A little 

below this point a feeble escape of petroleum takes place into the stream from an orifice 

at about its ordinary dry season level. Close to this point a bed of sandstone with a dip 

of 70° south comes in, demonstrating a somewhat abrupt downthrow of the shales, which 

higher up stream are gently undulating, and the presence of this bed has not improbably 

determined the escape of the petroleum at this point, by opposing an obstacle to its upward 

progress, or permeation. 

A shaft was sunk on the precipitous hank of the nulla, and a little petroleum 

obtained from it, but the site was bad, as it is scarcely possible to prevent the stream from 

cutting away the bank and destroying the work. About half way between the banks of the 

stream on the. curve, I recommended a trial shaft should be sunk, the selection being made 

with reference to the position of the presumed extension of the bed of sandstone noticed above, 

which it seemed to me undesirable to try, but beneath which a certain supply of oil may be 

with some confidence looked for. Its escape into the stream, and its diflusion among the 

shales a little higher up the stream, with other indications at no great distance, render a 
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search for the oil here rather less a matter of speculation than is usually the case. One thing 

is remarkable, and that is, on the supposition as advocated by me, that the naphthagenous 

beds are members of the nummulitic group. A great thickness of beds, not perhaps less 

than 2,000 feet, must he interposed between the source of the oil and its point here of natural 

discharge. These beds are more or less porous, and may hereafter possibly prove sufficiently 

rich in petroleum for profitable working, or possibly for purposes of distillation, hut nothing 

hut an experimental shaft will satisfactorily settle their economic value. 

The petroleum from the above localities is very similar and more fluid than the com¬ 

mercial or Yenan-choung oil, a difference depending, probably, more on the length of time 

either has been exposed to the air than on any difference in chemical constitution, hut no 

exact analysis has yet been made. 

Correction regarding! the supposed eozoonal limestone of Yellan bile. 

See Sec. G. S. of India, Vol. V, part 2. 

Specimens of this limestone wore sent home to Professor William King, Sc. D., of 

Queen’s University of Ireland, for examination, which has resulted in the opinion that there 

is no eozoonal structure evident. Dr. King states that the rock consists of layers of two 

or more silicious minerals, and others containing calcareous matter; the former being in 

general the thickest and most abundant. The silicious layers are of a pale dirty green color. 

Examined with a good magnifying power, they are seen to he made up of Tough grains of 

grey quartz and flattened particles of a greenish amorphous substance which appears to be 

chemically Telated to some amphibolic mineral; both kinds arc generally compacted together 

by themselves, but occasionally calcareous matter is intermixed with them. Here and there 

the layers are reddened with an iron oxide. The calcareous layers, of a dark bluish green color, 

are charged with the prementioned grains and particles, principally the latter, and often to 

such an extent as to become essentially silicious. “ In all cases the calcareous constituent is 

in the amorphous condition, neither saccharoidal nor crystalline, resembling that of ordinaiy 

blue-grey limestone. 

“ Examined after decalcification, the microscope shows the silicious layers intact except 

where they contain calcareous matters ; in this case the component grains and particles, instead 

of being closely adherent, are separated by interstitial vacancies. The calcareous layers which 

are etched out to a slight depth exhibit a large number of the green flattened particles, and 

usually a smaller number of the quartz grains standing out in relief in the undissolved por¬ 

tion, and generally lying lengthways and parallel to the silicious layers. The components 

of the latter layers also aflect a parallel arrangement. 

“ The rock, strictly speaking, cannot be called metamorphic. It resembles in texture 

some of the imperfectly developed gneissodes common in Connemara. The thickly laminated 

portions have all the appearance of being depositional in their origin. But often there are 

thin laminae folding round nuclei, seemingly concretionary, which appear to be the result of 

supervened agencies. It was a specimen of the rock in the latter state that was decalcified. 

“ The interlamination of the silicious and calcareous mineral substances, as observed 

by the unassisted eye, and its resemblance to a similar peculiarity present in certain speci¬ 

mens of Ophite from the Grand Calumet, Canada, and which alone first gave rise to the 

supposition that it represented a fossil, have evidently suggested the same idea in connection 

with the Yellanhile rock; but diligent observation with the microscope does not brmg out 

the least trace of anything approaching to the so-called ‘ canal system,’ or 1 nummuline 

layer,’ diagnosed for Eozoon.” 
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DONATIONS TO MUSEUM. 

Mallet, J., Esq.—Professor of Applied Chemistry, University of Virginia.—A fine specimen 

of Meteoric Iron, from the mass found in Augusta Co. Virginia. 

Theobald, Wm., Esq.—A collection of seventeen ancient stone implements from British 

Burmah. 

Hacket, C. A.—A small agate implement from the Chambul valley, Kerowlie. 

Peal, S. E. G., Assam.—A supposed ancient stone implement, found in the clay near 

Sibsaugor, Assam. 

Stewart, A. G., C. S., Eajahmundry.—A series of fossils from Kateru near Rajahmundry. 

ACCESSIONS TO LIBRARY. 

From 1st July to 30th September 1872. 

Titles of Boolcs. Donors. 

Alberti, F. Von.—Beitrag zu einer Monographie des Bunten Sandsteins Muschelkalks und 

Reapers, (1834), 8vo., Stuttgart. 

Arbeiten der Geologischen Section fur Landesdurchforschung von Bohmen, (1869), 8vo., Prag. 

Bianconi, J. J.—Repertorio Italiano per la Storia Naturale. Repertorium Italicum Vol. I 

(1853), II, (1854), (1853-54), 8vo., Bononim. 

Billings, E.—Geological Survey of Canada. Catalogue of the Silurian Fossils of the 

Island of Anticosti, (1866), 8vo., Montreal. 

Geological Survey of Canada. 

„ Geological Survey of Canada. Palaeozoic Fossils, Vol. I, (1861-65), 8vo., 

Montreal. 

Ditto. 

Boll, Ernst.—Beitrag zur kenntniss der silurischen Cephalopoden, (1857), 8vo., Schwerin. 

Braun, Dr. C. F. W.—Beitraege zur Urgeschichte der Pflanzen.—Ueber Kirchneria, (1854), 

4to., Bayreuth. 

Capellini, J., et Heer, O.—Les Phyllites Cretacees du Nebraska, (1867), 8vo. 

Dawson, J. W—Geological Survey of Canada. The Fossil Plants of the Devonian and 

Upper Silurian Formations of Canada, (1871), 8vo., Montreal. 

Geological Survey of Canada. 

Exploration Geologique du Canada. Rapport de Progres pour 1844 et 1853-56, 8vo., 

Toronto. 

Geological Survey of Canada. 

Fleming, Dr., et Koninck, L. de.—Memoire sur les Fossiles Paleozoiques recueillis dans 

! Inde, (1863), 8vo., Liege. 

Geological Survey of Canada. Figures and descriptions of Canadian organic remains. 

Decade I. Salter, J. W.—Fossils from the base of the Trenton Group, (1859). 

„ TI. Hall, Prof. James.—Graptolitideae from the Lower Silurian, (1865). 

„ III. Billings, E.—Cystide® and Asteriad®. 

„ „ and Salter, J. W.—Genus Cyclocystoides. 

-Tones, T. R.—Paleozoic Bivalve Entomostraca, (1858). 
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Titles of Bootes. Donors. 

Decade IY. Billings, B.—Crinoidea from the Lower Silurian, (1859), 8vo., Montreal. 

Geological Subvey of Canada. 

Geological Survey of Canada. Report of Progress from its commencement to 1863. With 

Atlas, (1863), 8vo., Montreal. 

Geological Survey of Canada. 

„ „ „ Summary Report of Progress in Geological Investigations, 

dated^lst May 1869. 

„ „ „ Summary Report of Progress in Geological Investigations, 

dated 1st May 1870, (1869-70,) 8vo., Ottawa. 

Ditto. 

>5 

» JJ 

S> SJ 

J) Report of Progress for 1848-49. 

„ „ 1852-53. 

„ „ 1858. 

„ „ 1866-69, 8vo., Montreal. 

Ditto. 

Gomes, B. A.—Commissao Geologica de Portugal Vegetaes Posseis. Plora Possil do Terreno 

Carbonifero, (1865), 4to., Lisbon. 

IIosius, Pbof. Db.—Beitrage zur Geognosie Westphalens. Die in der Westfiilischen Kreide- 

formation vorkommenden Pflanzenreste, (1869), 8vo., Miinchen. 

Hunt, De. T. Steeey, Canada.—A Geographical, Agricultural, and Mineralogical Sketch, 

(1865,) 8vo., Quebec. 

Geological Subvey of Canada. 

„ „ „ Laurentian Limestones of North America, (1871), 8vo., Albany. 

Ditto. 

„ „ „ Geological Survey of Canada. Report on the Goderich Salt 

Region, (1870), 8vo., Montreal. 

Ditto. 

„ „ „ Geological Survey of Canada. Report on the Gold Region of Nova 

Scotia, (1868), 8vo., Ottawa. 

Ditto. 

Logan, W. E.—Remarks on the Mining Region of Lake Superior, and Report on Mining 

Locations claimed on the Canadian Shores of the Lake, (1847), 

8vo., Montreal. 

Geological Subvey of Canada. 

Luynes, le Due de.—Voyage d’Exploration a la Mer Morte a Petra et sur la Rive gauche 

du Jourdain, liv. 2-8, (1872), 4to., Paris. 

Mubeay, Alexander.—Report on the Geology of Newfoundland for 1865. With a Pre¬ 

fatory Report and an Appendix by Sir W. E. Logan, (1866), 

8vo., Montreal. 

Geological Subvey of Canada. 

Notes on the Gold of Eastern Canada, (1864), 8vo., Montreal. 

Ditto. 

Pallas, P. S.—Spicilegia Zoologica, Band I, (1767)—XIV, (1780),—(1767-80), 4to., 

Berolini. 
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American Journal of Conchology, Yol. VII, pt. 3, (1871-72), 8vo., Philadelphia. 

„ „ of Science and Arts, 3rd Series, Vol. Ill, Nos. 13-19, (1872), 8vo., New 

Haven. 

Annales des Mines, 7th Ser., Vol. I, liv. 2, (1872), 8vo., Paris. 

L’Administr. des Mines. 

Annali di Storia Naturale, Pasc. I, (1829)—XII, (1830), 8vo., Bologna. 

Annals and Magazine of Natural History, 4th Ser., Vol. IX, Nos. 54-56, (1872), 8vo., London. 

Costa, Achille.—Fauna del Regno di Napoli, Fasc. 116, Neuroptera, (1860-70), 4to., 

Napoli. 

Geological Magazine, Vol. IX, Nos. 1-8, (1872), 8vo., London. 

Hanley, Sylvanus, and Theobald, Wi.—Conchologia Indica, pt. 4, (1872), 4to., London. 

Indian Annals of Medical Science, No. XXIX, (1872), 8vo., Calcutta. 

The Editor. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 11, 12, 

and Vol. IV, No. 1, (1872), 4to., Bombay. 

Government of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. XLIII, Nos. 288-291, (1872), 8vo., London. 

Martini und Chemnitz.—Systematisches Conchylien Cabinet, Lief. 208, (1872), 4to., 

Nurnberg. 

Neues Jahrbuch fur Mineralogie, Geologie, und Palseontologie, Jahrgang, 1872, Heft 1-4, 

(1872), 8vo., Stuttgart. 

Nuovi annali delle Scienze Naturali— 

1st Ser., Vol. I, (1838)—X, (1843). 

2nd „ „ I, (1844)—X, (1848). 

3rd „ „ I, (1850)—X, (1854), 8vo., Bologna. 

Petermann, Dr. A.—Geographische Mittheilungen, Band XVIII, Nos. 5-7, (1872), 4to., 

Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. I, Nos. 1-5, (1872), 8vo., 

Roorkee. 

Principal, Thomason College, Roorkee. 

Quarterly Journal of Science, No. XXXV, (1872), 8vo., London. 

Report on the Progress and Condition of the Royal Gardens at Kew during the year 1871, 

(1872), 8vo., London. 

The Superintendent, Kew Gaedens. 

Victoria. Coal-fields, Western Port. Report of the Board, (1872), fisc., Melbourne. 

Department of Mines, Victoria. 

„ Report of the Mining Surveyors and Registrars for quarter ending 31st March 

1872, (1872), fisc., Melbourne. 

Ditto. 
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Bengal.—Smith, David B.—Report of the Sanitary Commissioner for Bengal for the year 

1870-71. With Appendix, (1872), fisc., Calcutta. 

Government of Bengal. 

British Burma.—British Burma, General Department, (Miscellaneous). Administration 

Report for 1870-71, (1872), 8vo., Rangoon. 

Chief Commissioner of British Burma. 

India.—Aunals of Indian Administration in the year 1870-71, Vol. XVI, pt. 1, (1872), 8vo., 

Serampore. 

Government of India. 

List of Civil Officers holding Gazetted Appointments under the Government of 

India in the Home, Agricultural, Foreign, Financial, and Legisla¬ 

tive Departments, as it stood on the 1st January 1872, (1872), 

8vo., Calcutta. 
Ditto. 

Punjab.—Powell, B. H. Baden. Handbook of the Manufactures and Arts of the Punjab, 

Vol. II, (1872), 8vo., Lahore. 

Government of the Punjab. 

TRANSACTIONS, &c. 

Berlin.—Monatsbericht der k. Preuss. Akademie der Wissenschaften zu Berlin, March 

and April (1872), 8vo., Berlin. 
The Academy. 

,, Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIII, heft 4, (1871), 

8vo., Berlin. 
Tns Society. 

Calcutta.—Journal of the Agricultural and Horticultural Society of India, New Series. 

Vol. Ill, pt. 2, (1872), 8vo„ Calcutta. 
The Society. 

„ Memoirs of the Geological Survey of India, Vol. VIII, pts. 1—2, and Vol. IX, 

pt. 1, (1872), 8vo., Calcutta. 
The Survey. 

„ Records of the Geological Survey of India, Vol. V, pt. 3, (1872), 8vo., Calcutta. 

Ditto, 

Proceedings of the Asiatic Society of Bengal, Nos. 

Calcutta. 

VII, VIII, (1872), 8vo„ 

The Society. 

Copenhagen.—Oversigt over det kongelige danske Videnskabernes Selskabs Forhandlinger 

og dets Medlemmers Arbeider i Aaret, 1871, No. 2, (1871), 8vo., 

Copenhagen. 
The Academy. 

„ Thomsen, Julius. Thermochemiske Undersoegelser, (1871), 4to., Copenhagen. 

Ditto. 

Florence.—Bollettino del R. Comitato Geologico d’Italia, Nos. 3—6, (1872), 8vo., Florence. 
Tiie Commission. 



PART 4.] Accessions to Library. 127 

Titles of Books. Donors. 

Florence.—Memorie per servire alia Descrizione della Carta Geologica d’ Italia publicate 

a cura del R. Comitato Geologico del Regno, Vol. I, (1871), 4to., 

Florence. 
The Commission. 

Frankfurt, a. M.—Abhandlungen der Senckenbergisehen Natui-forschenden Gesellsohaft, 

Band I, (1854)—VI, (1867), 4to., Frankfurt a. M. 

Glasgow.—Proceedings of the Philosophical Society of Glasgow, Vol. VIII, No. I, (1872), 

8vo., Glasgow. 
The Society. 

Gottingen.—Abhandlungen der konigliehen Gesellsohaft der Wissensehaften zu Gottingen, 

Band XVI, (1871), 4to., Gottingen. 
The Society. 

„ Nachrichten von der k. Gesellsohaft der Wissensehaften und der Georg- 

Augusts-Universitat aus dem Jahre, 1871, (1871), 8vo., Gottingen. 

Ditto. 

Lausanne.—Bulletin de la Societe Vaudoise des Sciences Naturelles, Vol. X, Nos. 61, 63, 

64 and 65, Vol. XI, Nos. 66 and 67, 8vo., Lausanne. 

The Society. 

London.—British Museum. Gray, J. E. Catalogue of Ruminant Mammalia (Decora. 

Linnaeus), in the British Museum, (1872), 8vo., London. 

British Museum. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 

Vol. V, pt. 2, (1871), 8vo., London. 

The Society. 

Proceedings of the Royal Society, Vol. XX, Nos. 131—134, (1872), 8vo., London. 

Ditto. 

„ Quarterly Journal of the Geological Society, Vol. XXVIII, pt. 2, No. 110, (1872), 

8vo., London. 
Ditto. 

Milano.—Giornale dell’ I. R. Instituto Lombardo di Scienze, Lettere, ed Arti e Biblioteca 

Italiana, Vol. I, (1847)—IX, (1856), 4to„ Milano. 

Philadelphia.—Journal of the Franklin Institute, 3rd Ser., Vol. LXIII, Nos. 2—5, (1872). 

8vo., Philadelphia. 
The Institute. 

„ Transactions of the American Philosophical Society, New Series, Vol. XIV, 

pt. 3, (1871), 4to., Philadelphia. 

The Society. 

„ Proceedings of the American Philosophical Society, Vol. XII, No. 87, 

(1871), 8vo., Philadelphia. 

Ditto. 

Strasbourg.—Memoires de la Societe des Sciences Naturelles de Strasbourg, Vol. 1, 

(1830)—VI, liv. 1, (1866), 4to., Strasbourg. 
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Venezia.—Memorie doll' I. R. Instituto Veneto di Scienze, Lettere, ed Arti, Vol. I, (1843) 

VI, pt. 1, (1856), VII, (1858), VIII, pt. 2, (1860), and IX, 

(I860)—XII, pt. 1, (1865), 4to., Venezia. 

Vienna.—Jahrbuck der k. k. geologisclien Reichsanstalt, Band XXI, No. 4, (18/1), 8vo., 

Vienna. 
TtLL' I WQTTTTTTT? 

Verhandlungen der k. k. 

Vienna. 

geologisclien Reichsanstalt, Nos. 14—-18, (1871), 8vo., 

Ditto. 

Laube, Dr. Gustav, C.—Die Echinoiden der Oesterreiehisch Ungarischen Oberen 

Tertiarablagerungen. Von der k. k. geol. Reich. Abliand. V, 

heft. 3, (1871), 4to., Vienna. 

Ditto. 
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OF THE 

GEOLOGICAL SURVEY OE INDIA. 

Part 1.] 1873. [February. 

Annual Report of the Geological Survey of India and of the Geological 

Museum, Calcutta, foe the year 1872. 

During the twelve months of 1S72 our working stall' was diminished in number by 

the absence, either on leave, or on special duty elsewhere, of several of the officers of the 

Survey. 

As stated in last year’s report, Mr. W. T. Blau ford was deputed to accompany the 

Boundary Commission in Beluchistan and Persia. Two very interesting papers on parts 

of the Persian Gulf and of the shores of Arabia visited by Mr. Blanford, while waiting 

for the arrival of his fellow labourers, have been given to the public during the year. Later 

on, at the close of the boundary labours, he was compelled by ill health to proceed direct to 

Europe, where he arrived in September. It is to be hoped that he will be able to work, up 

the extensive and valuable materials he has acquired, together with those of his colleagues 

in the duty. Taken as a whole, it is certain they will form one of the most valuable contri¬ 

butions to the Natural History of a little known portion of the earth’s surface, which offers 

many points of high interest and importance, in so far as it forms a connecting link, as it 

were, between our Indian empire and the wide areas of Arabia on one side and of the Cas¬ 

pian and Russia on the other. Mr. Blanford also had opportunities not often offered to 

European naturalists, which, I doubt not, he made ample use of. On this duty he has been 

absent during the whole twelvemonths, Mr. Foote was absent for three months from 

August to November. But this interfered only slightly with the progress of the work. 

Mr. Fedden, who had been suffering from frequent attacks of fever in the unhealthy district 

of the Pemgunga and Wurdah valleys, left the country on sick leave in May, and has been 

absent since. Mr. Hug lies, who had been invalided in the same districts during the work¬ 

ing season of 1871-72, returned to duty and resumed his wovk in November 1872, and lias 

since been actively engaged. Dr. Waagen was also compelled to leave for Europe on medical 

certificate at the close of the year. Mr. J. Willson, who had been absent on sick leave from 

May, resumed his duties early in December, and at once proceeded to the field. These con¬ 

stant changes, necessitated in a great measure by the heavy work and great exposure to 

which the assistants of the Geological Survey are subjected, unavoidably retard progress and 

delay the completion of maps. 

At the commencement of the year (January 1872), Mr. Medlicott was actively 

engaged in the examination of the Satpura coal-fields and adjoining country. Some of the 

results of this examination are already published. Of these results the most important, 

practically, were two—the possibility of coal being found to extend under the more recent 

deposits of the Narbada valley proper outside the hills, and the probability of beds of 
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workable coal being traced more to the south in the Dudlii valley. To test the former, Mr. 

Medlicott recommended that boring trials should be made near Gadurwarra, and this has 

been commenced. The actual borings have been placed under the charge of Mr. Collin, a 

coal engineer who had been engaged at Wurrora in the Chanda district. But badly supplied 

with tools, and at a distance from any place where mechanical appliances and instructed 

labour could be obtained, the progress hitherto has been very small and very disappointing. 

Mr. M edlicott is only responsible for the proper selection of the locality, the actual working 

being under different control. The false economy of attempting to carry out such an 

undertaking without proper tools and efficient supervision cannot be too strongly insisted on. 

Mr. Medlicott meanwhile has been endeavouring to push on the geological examination of 

the adjoining country, this being the necessary preliminary to any further practical search for 

coal, his progress in this being, however, most seriously retarded by the necessity of looking 

after boring operations so inefficiently conducted, without any countervailing advantage. 

Mr. W. L. Willson has been steadily engaged in extending the geological lines and 

boundaries, from the north of Dumoh, where he had been engaged, into Bundelcund and 

the adjoining territory of Itewah. The district examined is as yet incomplete in itself, 

and any description must be deferred. Mr. Willson was, during the recess, most usefully 

employed iu the preparation of the maps of Dumoh district on the scale of 1 inch = 1 

mile for publication, some of which are now ready. 

Mr. Mallet, who had, as reported at the elose of last season, proceeded to the coal-fields 

of lvota, on the southern borders of Mirzapdr district, mapped out its limits. He notices 

some fourteen outcrops of coal, most of them, however, very thin and worthless; some two or 

three have a workable thickness of fair coal. All appear to be on about (lie same horizon,not 

more than two being seen in any cross section, the richer outcrops thus appearing to be only 

local. Mr. Mallet lias also added many interesting mineralogieal observations to those 

in his previous report upon the rocks occurring in the widely spread gneiss series, especially 

upon the valuable bed of Corundum which he had noticed in that neighbourhood. These 

notes having been published in the Memoirs of the Survey need not he alluded to here more 

particularly. During the later part of the year, Mr. Mallet has taken up the examina¬ 

tion of the Ilazaribagh district. A considerable part of this district bad been gone over 

some years since, but the topographical maps, which were then available and which were 

shortly afterwards condemned, were so imperfect, and those resulting from the re-survey so 

entirely different, that it has not been found practicable to transfer the geological lines, &c., 

without absolutely going over the ground a second time. Mr. Mallet’s labour will be 

confined chiefly to tlie crystalline and metamorphic rocks. In a similar way, Mr. James 

Willson lias been, since bis return from sick leave, engaged in putting in the geological 

boundaries and divisions of the coal-fields in the south of the same district on the new 

maps preparatory to publication. 

In the early part of the season, Mr. Ball was engaged in the examination of the coal¬ 

bearing rocks iu Sirguja. Among those areas, the small coal-field of Bisrampur is in itself 

complete, and will shortly be published. Among these rocks Mr. Ball has noticed a case of 

unconformity between the lower group, or the Burakdr rocks, aud the upper sandstones, defined . 

by faulting in the lower rocks not effecting the upper. This is a very unusual occurrence, hut 

is of high interest if established by further research. 

In the latter part of the year, Mr. Ball has been deputed to accompany J\lr. 

II. Bauerman, who had been sent out by the Right Hon’ble the Secretary of State, in 

his visit to the more important iron-yielding districts, with a view to giving a definite 

opinion on the feasibility of establishing iron works in India, and with him has visited 



part 1.] Annual Report for 1873. -8 

Birbhum, Raneegunj, Ilazaribagli, &c. Mr. Bauerman’s report will bo submitted to the 

Secretary of State. 

Mr. Racket has carried bis lines and divisions from the adjoining districts of Jabalpur 

and Bijiragoogurh into Rewah. Avery large part of this area is covered by the Jabalpur 

formation. It is seen typically in the north-west of the area, but is extended by 

Mr. Hacket considerably to the south of Bandognrh. The Bandogurh sandstones are 

themselves 1,000 feet thick. How far this apparent extension of the formation can bo proved 

to be the fact must be seen from the adjoining country when it comes to bo examined. 

In the present season Mr. Hacket has been sent to work out the details of the more 

recent deposits of the Narbada valley in connection with the Satpura basin, which 

Mr. Medlicott is examining at the same time. 

Previously to his departure on leave, Mr. Feddon had extended to the south Ins 

examination of the rocks of the Nizam's territories adjoining Chanda, tracing out the 

existence of a group of rocks under the great Deccan trap to west of Sirpur, containing 

remains of Palmozamia, thus establishing their relations with the upper jurassic rocks of 

Kutch and the Rajmalml bods of Bengal, and giving another clue towards unravelling the 

connection of the so-called Jabalpur beds of the Narbada valley with the others. The full 

extent of these rocks remains to he worked out. 

In the Punjab, at tho opening of the year, Mr. Wynne and Dr. Waagen were 

engaged in tho detailed examination of the Salt-range and adjoining country. This has 

enabled the mapping of the whole of that range to he completed, while a remarkably interest¬ 

ing and extensive series of fossils has been obtained, which have as yet been only partially 

examined, but which, when fully investigated, promise to open up some very important and 

intricate results. One of these discoveries I will notice again. At the close of the working 

season, Dr. Waagen returned to Calcutta and took up tho detailed examination of the 

Cephalopoda from Ivutch, our previous collection of which had received very extensive additions 

from the labours of Dr. F. Stoliezka. This group will form one of the most important, 

contributions to the Cephalopoda fauna of the upper jurassic formations (from the Titho- 

nien to Callovien) ever published. The extent of this group alone, without any of the other 

classes of MollusOft, may bo estimated from tho fact that their illustration will require about 

GO large quarto plates. The MSS. of the descriptions havo been nearly all completed, and 

great progress has been made in the preparation of the plates. But it was with much regret 

that we wore obliged to suspend the work,—only temporarily, I hope,—in consequence of tho 

serious illness of Dr. Waagen, who had commenced it, and whose wide and accurate 

acquaintance with the Cephalopoda rendered his descriptions highly valuable. I sincerely trust 

that a few months and a better climate may restore Dr. Waagen to the enjoyment of full 

health, and enable aim to resume and complete his history of this most interesting fauna. 

Towards the close of the year, Mr. Wynne had resumed his examination of tho 

Punjab rocks, but was necessarily diverted for a time to enable him to aid in procuring 

and forwarding a complete collection of tho salts and rocks of the Salt-range and its salt 

mines, to be sent to the Vienna Exhibition. Having accomplished this, ho resumed tho 

detailed examination of the country north of tho Salt-range. A brief but careful description 

and sections of tho well known hill of Sirban, close to Abbottabud, has been published during 

the year—a result of the joint labours of Dr. Waagen and Mr. Wynne. This has 

been given Without delay, both because the hill is close to a well known station, and so 

accessible to those who desire to examine its structure, hut also because this structure hail 

been entirely misrepresented; while it would at the same time form a typical illustration 

of what might be looked for in other similar areas. 
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In Madras Mr. W. King had, at the commencement of the year, taken up the examina¬ 

tion of the country adjoining the Godavari, in continuation of the preliminary survey of the 

same area which had been carried out by Mr. Blanford, whose health did not admit of his 

returning to that district. As it was important that the more southern portion of the coun¬ 

try should be carefully examined prior to proceeding to the less accessible area further north, 

Mr. King’s attention has been chiefly directed to the country extending between Dumagu- 

diem and Kummummett. Some of the principal results arrived at have been already pub¬ 

lished in the Records of the Geological Survey for L872, so they need not be detailed here. In 

one place, a limited area of coal-bearing rocks was traced out, and actual beds of coal 

found ; but the country is so covered with jungle, and so thickly coated with debris and 

recent deposits, that nothing very definite can be asserted regarding the extent or value of 

this coal without borings. Another small area near Ashwarowpetta holds out some promise, 

but this also must be actually tested before any satisfactory conclusion can be arrived at. 

Towards the close of the year, when it was too early in the season to enter the jungly 

country to the north with any safety, Mr. King has made a careful examination of the 

country between the Godavari, and Rajahmuudry, and the sea, and has there found some fossili- 

ferous beds, the organic remains from which will prove of high interest. He has also 

brought the well known fossiliferous beds of Kateru, near Rajahmuudry, into strut igraphical 

relationship with those occurring at Pungady on the opposite bank of the Godavari—here a 

stream of great width. As the jungles become drier and more accessible, Mr. King will 

extend his researches northwards. 

Mr. .Foote has been steadily carrying out the boundary lines between the great area of 

the Deccan trap rocks and the underlying beds ; and between those intermediate beds and the 

gneiss rocks on which they rest. Ho has connected his lines with thoso previously mapped 

in by Mr. Wilkinson to the west. The entire area examined, excepting a few square 

miles on the top of the plateaux, is within the drainage basins of the Kistna, Gatpurba, and 

Malparba rivers. Mr. Foote has also been fortunate enough to add to the valuable series of 

fossils, hones, &c., of Rh inoceros, which he had obtained during the previous year, and to find 

others of bovine animals, together with deposits of fresh-water shells, which on examination 

proved to be very similar to those found with the ossiferous clays and gravels of the Narbada 

valley. There can be no question that these ossiferous beds will prove of the very highest 

interest when fully worked out, as bearing on the distribution of genera in these pleiocene 

deposits, which still exist in other areas, hut winch have entirely ceased to exist within the 

limits of the districts where their remains are found. 

In Durmali, Mr. Theobald has been engaged in extending his examination of the 

country between the central range and the eastern boundary of the country on the Sittang 

river. The present season will see tho completion of his examination of British Burmah 

proper ; and a map and general report will then he prepared for publication. 

Dr. Stoliczka, in the early part oE the year', completed his detailed examination of the 

Province of Kutch (Kach'h), in which he has been enabled, by the application of his 

palaeontological knowledge, to define several well marked sub-divisions or horizons in the 

jurassic rocks, and to establish ihcjr close relationship to the acknowledged groups in 

European classifications. The full details of these are being prepared for publication, while 

the magnificent series of fossils also obtained will he worked out as soon as possible. 

Publications.—The Recoups of tiie Geological Survey of India have appeared 

with regularity at the established three-monthly intervals. In the series for the past year, 

besides the Annual Report of the Survey, papers, more nr less in detail, have been given, 

treating of very varied subjects and localities. It would have been impracticable for a 
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considerable time to come to publish a detailed account and map of the complicated structure 

of the hills flanking the great Himalayan range in the Punjab; and it seemed, therefore, 

desirable to give at once a brief outline and description showing the relations of the rocks 

and their general physical aspects and structure. 

For this purpose, a section close to the most frequented station in those hills, Murree 

(Mari) was taken. Dr. W. Waagen has pointed out very clearly the distinctions of the 

beds, as indicated by their fossils. Such a sketch ought to suffice as an index or guide to 

other observers in the adjoining districts. Descriptions of the mineral contents of the gneiss 

in the district of South Mirzapur are given by Mr. F. Mallet, who has pointed out the 

occurrence there of a very valuable deposit of Corundum, which is also of high interest 

from its associated minerals being identical with those occurring in America in the same 

association. 

The sandstones of the Godavari are described by Mr. B1 anford, while Mr. King, who 

took up Mr. Blanford’s work there, describes in more detail the Southern portions of this 

area near Kummummett, and shows the occurrence of coal there in quantities which will 

repay the expense of working when the field is rendered more accessible. Mr. B! an ford 

also contributes two valuable sketches of the geological structure of the Bcluchistan 

shores of the Persian Gulf, as well as a notice of Maskat and Massandim on the coast of 

Arabia. Mr. Medlicott describes in detail a very remarkable case of what appears to he 

only local jointing in some sandstones at Jabalpur, and a careful discussion of the physical 

relations of the ‘Lameta’group. Mr. Theobald has given a. notice of petroleum localities 

in Pegu, and further discussion of the relations of the ‘axial’ group in Western Prome, 

while, in addition to these more local and limited notices, a general sketch of the geology of 

Orissa, and another of the geology of the Bombay Presidency, were a'so published—both 

drawn up by Mr. Blanford. This brief enumeration of the principal contents of the 

numbers will show how much has been done to elucidate the geological structure of the parts 

of India and adjoining countries in which the officers of the Survey have been engaged. 

Of the Memoirs of tiie Geological Survey two volumes have appeared. It was 

stated in last report that these were well advanced. Both Vol. VIII and Vol. IX have 

been issued during the year just closed. In the first of these, Vol. VIII, in addition to 

brief accounts of three small, isolated, and unimportant coal-fields in Bengal, a long and 

detailed account is given of an immense area, nearly as large as England, to the north of 

Madras town, including the districts of Kurnool and Kuddapah, with maps and illustrations. 

Vol. IX includes a notice of the Peninsula of Kutch (Kach'li), a description of the geology 

of the vicinity of Nagpur, a notice of the geology of Sirban hill near Abbottabad in Punjab, 

and a brief notice of the occurrence of Ammonites in beds, in the Salt-range, containing 

other fossils universally admitted hitherto as of carboniferous age. This last is one of 

the most striking discoveries which has marked the progress of Palaeontology for many 

years. The occurrence of the Braebiopoda, Ath/ris subtilita, A. Hnunjji; P-rodueM 

costata, 1*. longispina, P. llumboldtii, in the same beds would at once be admitted as 

abundant evidence that those beds belonged to the true carboniferous group of Europe, but 

with them also occur Strophutoxia Morrisiana, which would rather indicate a Permian age. 

There is, however, no question whatever that the association of fossils points conclusively to 

a Palaeozoic epoch, whatever doubts there may be as to the exact horizon in tho 

palaeozoic series to which tho beds may belong. Now, the occurrence of a true Ammonite 

in any of the pakcozoic rooks is a fact altogether new to stratigraphical paleontology, and 

opens up a whole field of investigation of the highest interest. Tho examination in detail 

of the beautiful series of fossils obtained from the Salt-range has unfortunately been 
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interrupted by the serious illness of Dr. Waagen, who has been obliged to proceed to Europe 

on medical certificate, but when completed, this collection will exhibit other novelties besides 

those already noticed. 

Of the Paljeontologia Indica, during the year terminating on 31st December 1872, 

the portions descriptive of the cretaceous Bvachiopoda and of the Ciliopoda have been issued. 

In the last reports we pointed out the rapid progress which had been made in this series, 

and showed that the rate of publication was limited chiefly by the amount of funds it was 

possible to devote to it. The question commended itself to the favorable consideration 

of the Government of India, and it is with pleasure I acknowledge the liberality which 

has doubled the sum granted for this valuable series from the commencement of the next 

financial year. Meanwhile efforts arc being made to instruct the necessary artists, 

lithographers, &c., so as to be ready to take advantage of this. We had, during 1871, 

issued, as then stated, the povtions of the work which represented the fasciculi due up to 

October 1872. The two parts since issued have been large ones, while the Echinodermata are 

printed off and only await the completion of the plates. There remain, therefore, the corals 

to complete the issue of all the groups of invertebrata represented in the cretaceous 

rocks of South India. These parts combined will form the fourth large volume of the 

Cretaceous fauna, and will complete the monograph of this very important group. It will 

form a monument of skill and labour reflecting the very highest credit on the Palaeontologist 

of the Survey, Dr. Stoliezka, and will prove a very fitting description of one of the richest 

and most varied faunae ever obtained from a limited area in a limited formation. 

A fasciculus of the Cephalopoda of Kutch is ready for issue. This contains all the 

Belemnites and Nautilhla. It was hoped that we should have been able to continue this 

series without interruption, the succeeding portion being very well advanced ; but the 

illness of Dr. Waagen already alluded to has disappointed this expectation. The series of 

the Cephalopoda is very extensive, and will prove a contribution to the fossil history of the 

upper Jurassic rocks of the very highest importance and valuo. 

In addition to the regular issue of the Pahrontolngia Indica, some rf the more remark¬ 

able forms met with in the Salt-range, as already noticed, have been figured in the Memoirs 

of the Survey. 

Maps.—Some of the sheets of the district of Dumoh, which had been taken up first 

for publication on the larger scale of our field maps, or 1 inch equal to 1 mile, are ready, 

and have been kept back until the whole district bo completed, which will be very shortly 

now. 

Of the ‘Atlas of India' maps, which are to bo used as the final record of our worlc, six 

quarter sheets were ready for issue to the public at the close of the year. Of these, the 

four quarter sheets of sheet 79, containing the larger portion of the Cretaceous area of 

Madras Presidency, wore prepared some time since, but had not been issued, awaiting the 

completion of the adjoining parts. Two quarter sheets, north-cast and south-east, of 

sheet 78 were printed during the year, and the parts of sheet 77 are now in the hands of 

the engravers. A small map is annexed showing the present state of the publication and 

preparation for publication of these final maps. These are now printed in colors with 

much success at. the Surveyor General’s Lithographic Office, and the general system having 

been established after several trials, the rate of issue can now be maintained with some 

regularity. 

Liohaky.—During the year, seven hundred and ninety-six volumes or parts of volumes 

have been added to the library of this department. Of this number 4S9 have been pre¬ 

sented and 307 have been purchased. As usual, a list of Societies or Institutions from whom 
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we Lave received such presentations or exchanges is annexed, while each successive number 

of the Kecobds has given a list of the additions received during the preceding three months. 

I rejoice to think that this department has been relieved from the injury resulting to its 

library from the restrictions imposed on the mode of procuring hooks, and from the delays 

consequent thereon. And I doubt not the coming year will again show a return to the 

larger number of volumes which we have been for years past in the habit of recording. 

Advantage has been taken of the past year to bring up the binding and securing of our 

valuable series so far as practicable. 

Museum.—The collections in the Museum have been maintained in good order, the 

additions properly embodied in the general series, and the specimens properly cleaned out 

and carefully labelled. The collection of minerals, which, as reported last year, had been 

entirely remodelled and added to so largely, has been in part carefully catalogued by 

Mr. F. E. Mallet, and it is hoped that this valuable work may be completed during the 

coming rainy season, when work in the field is impracticable. 

The demand for tbe preparation of a good series illustrative of the mineral wealth 

of this country to be sent to the great Exhibition in Vienna has entailed on all the officers 

of tbe Survey a largo amount of trouble and occupation during tbe last months of the 

year. The extremely limited and unsuitable accommodation which the present Museum 

house offered for such extended collections has always prevented our bringing to¬ 

gether a collection properly representing the mineral resources of the country. In fact, 

we had no place to put such a collection if made. While, therefore, our series afforded good 

specimens in one or two directions, it was necessary to procure fresh and good sized specimens 

for Vienna. I would here acknowledge the great liberality and very cordial co-operation which 

I have experienced on the part of the numerous colliery proprietors in the country, who have 

supplied ns with excellent specimens of the coals, ores, tools, &c., from their districts. I am 

also indebted to the Commissioner of Inland Customs for a very valuable series of specimens 

illustrative of the salt deposits of India. And in brief, from every one to whom we applied 

for aid, we have received most ready support. The time at our disposal was far too 

brief to admit of anything approaching to a complete series being obtained, hut that which 

is to be sent will give a fair representation of the mineral wealth of the country. With the 

special sanction of the Government, it is proposed also to send some of our unique and valuable 

collections of fossils, which will excite great interest among the Geologists of Europe, and 

will afford a much desired opportunity for actual comparison and identification with known 
European forms. 

An Index map is, as usual, appended showing the present state of progress of the field 
work of the Survey. 

I he various collections are in as good order and preservation as the limited accommo- 
dation at our command will permit. 

Calcutta, I 

February 1873. j 

T. OLDHAM, 

Supdt. of Geol. Survey, India, 

and Director of Geol. Museum, Calcutta. 
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List of Societies and other Institutions, Sfc., from which publications have been received 

in donation or exchange for the Library of the Geological Survey of India during 

the year 1872. 

Batavia.—Royal Society of Batavia. 

Berlin.—Royal Academy of Science. 

Ditto.—Deutsche Geologische Gesellschaft. 

Boston.—Society of Natural History. 

Breslau.—Silesian Society. 

Calcutta.—Asiatic Society of Bengal. 

Ditto.—Agri-Horticultural Society. 

Cambridge, Mass.—Museum of Comparative Zoology. 

Christiania.—Royal University of Christiania, 

Columbus.—Geological Survey of Ohio. 

Copenhagen.—Danish Academy. 

Dehra Doon.—Trigonometrical Survey of India. 

Dresden.—Naturwiss. Gesellschaft, Isis. 

Dublin.—Royal Dublin Society. 

Edinburgh.—Curators of the Signet Library, 

Florence.—Geological Commission of Italy. 

Glasgow.—Philosophical Society. 

Gottingen.—The Society. 

Lausanne.—Society of Natural Science. 

London.—Geological Survey' of Great Britain. 

Ditto.—Royal Society. 
Ditto.—Koyral Asiatic Society of Great Britain and Ireland. 

Ditto.—Geological Society. 

Ditto.—British Museum. 

Montreal. —Geological Survey of Canada. 

Munich.—The Academy. 

New IIaven.—Connecticut Academy of Arts and Sciences. 

New Zealand.—Geological Survey of New Zealand. 

Paris.—L’Administration des Mines. 

Philadelphia.—American Philosophical Society. 

Ditto.—Franklin Institute. 

Ditto.—Academy of Natural Sciences. 

Portland.—Society of Natural History. 

Roorkee.—Thomason College. 

Salem.—Essex Institute. 

Ditto.—Peabody Academy of Science. 

Turin.—Academy of Turin. 
Victoria.—Government Geological Survey of Victoria, Department of Mines. 

Vienna.—K. K. Geologische Reichsanstalt. 

"Washington.—Smithsonian Iustitute. 
Ditto.—Department of Agriculture of the United States of America. 

York.—Yorkshire Philosophical Society. 
Governments of India, Bengal, North-Western Provinces, Punjab; 

Chief Commissioners of Mysore, Central Provinces, and British 

Burrnab ; Surveyor General, and Superintendent, Great Trigonometri¬ 

cal Survey of India. 
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Sketch of the Geology of the Nobth-West Peovinces, by H. B. Medlicott, m. a., 

E. G. S., Deputy Superintendent, Geological Survey of India. 

The geology of the North-West Provinces is conveniently separable into three divisions, 

corresponding to three distinct geographical regions. Twenty-three of the thirty-five 

revenue-districts are entirely on the Gangetic plains. Three districts on the north—Debra- 

Dun, Garhwal, and Kumaon—belong altogether to the Himalayan region. Out of nine 

districts on the south, seven are in very large proportion covered by the plains-deposits ; 

three only being in whole or in great part within the rock-area of the Peninsula of Hindu¬ 

stan. It is at once apparent that these geographical divisions are also strictly geological ; 

and it may be here stated that no identification has as yet been made out between the 

rocks within these provinces on the north and on the south of the plains. The formations 

of these several regions may be noticed in the following order :— 

I.—The Plains.—Terms applicable to these deposits. Bhangar and Khadar lands. 

Whether the great rivers are raising or lowering their Khadars. Bhabar 

and Tarai land. Age of the Bhangar land. Kalar lands. 

II.—The Himalayan region.—Physical and geological divisions. The Sub-Himalayan 

series: Sabatlru group; Naban group; Sivalik group. The limestone 

and slate series: The Krol, Infra-Krol, Bliui, and Infra-Blini groups. 

The metamorphic series. 

III.—The Peninsular region. — The coal-bearing series: Barakar and Talchir groups. 

The Yindhyan series : its characters : its distribution. The slate series. The 

schist and gneiss series. 

I.—The Plains. 

Terms applicable to these deposits.—The middle region naturally claims first attention 

It is often spoken of as ‘ the alluvial plains of the Ganges, or by such like expressions. In a 

general sense these terms are admissible: there is no doubt that the materials forming the 

plains were contributed by the Ganges and by its tributaries. But in this range of meaning 

the Sivalik deposits might claim to be included ; for it has been shown that their materials, 

too, were conveyed through the existing Himalayan drainage system. On the other hand, by 

confining the word ‘alluvium’ to its strict geological meaning—to ground subject to flooding 

from the very channels that now exist—the alluvial ground of the North-West Provinces 

becomes comparatively small. It is necessary to specify still further to bring out the distinc¬ 

tion to be made in the area under notice: the word * alluvium is scarcely understood unless as 

applied to fine deposits from tranquil inundation ; and it applies to such indiscriminately, 

whereas from the proper geological point of view, tbo distinction to be indicated is what 

ground is undergoing increase from whatever form of deposition, and, on what ground 

abrasion (denudation) is in permanent action; or, in other words, where river.action is for¬ 

mative and where it is destructive. 

Bhangar and Khadar lands.—A large proportion of the plains-area in these pro¬ 

vinces is permanently undergoing denudation. The main rivers run through it in confined 

and fixed valleys, the flood-level of the waters being well below the general level of the 

country. Several considerable streams, as the Ilindan, take their rise within this area; 

and though subject to local overflow, with deposition of alluvium, they must, on the whole, 

carry away annually a large quantity of earth. The fixed valleys of the great rivers are 

of very variable width, generally bounded by steep high banks ; they are called Khadar, the 

adjoining high land being known as Bhangar. The deep, low-water, channel of the river 

oscillates within the Khadar, or river-plain; the whole of this being liable to inundation from 
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the floods, and to constant erosion and re-fonnation by the action of the current. Khddar- 

rnati is very nearly the native equivalent for ‘ alluvial land.’ But though there is always a 

large total area of true alluvial land in the Khadars of the great rivers, it is possible that, 

on the whole, these Khadars are undergoing denudation, that the river-bed is deepening, 

and that the new alluvial land formed by its changes of position may be progressively lower 

than the older patches removed by the same process. It has not yet been defined how 

much, or if any portion, of the eastern districts come within the sub-deltaic conditions 

that prevail in the Lower Provinces, where the river-action is broadly formative. The whole 

of the province of Oude would come under one or other of these descriptive terms—Bhangar 

or Khddar land. 

Whether the great rivers are raising or lotvering their Khadars.—The question 

whether the great rivers have at present a tendency to deepen or to raise their channels is 

one of much importance in relation to engineering ■ works, and of great interest to the 

geologist. Within deltaic regions, where the rivers are essentially formative, the process is 

sufficiently understood: the bed and banks of the main channel are raised, till the contrast 

of level determines a gradual set of the water to lower ground through some minor distri¬ 

butary ; the new channel is at first scoured out to the capacity of the main channel, when the 

raising action recommences. Within the narrow river-plain of the Khddar, there might be no 

general feature to betray which process is in force. The river would oscillate pretty much 

alike in either ease, removing and replacing the patches of alluvial land. Still it seems likely 

that careful enquiry among the natives cultivating the Khadars would elicit some grounds 

for judgment: as, if any very old patches of alluvium were no longer inundated by the 

highest flood, one might infer that the river had lowered its channel. The a priori con¬ 

ditions may be stated briefly thus: Whether a river is cutting or depositing depends, 

of course, upon its velocity and upon the charge of solid matter, wholly or partially 

suspended in it. As regards the first condition, it can be broadly stated that the slope 

(and hence the velocity) within the Khadars is everywhere much above that at which 

silt-carrying rivers become on a large scale depositing rivers: at Kanhpur the fall is 

nineteen inches per mile, at Allahabad thirteen; while in the sub-deltaic region at 

Patna and Rajmahal it is only six inches; and in the Delta proper it lowers to three 

inches.* It is moreover certain that for eight or nine months of the year, the great 

rivers rush from their gorges in the mountains as torrents of clear water, or only, in the hot 

months, discoloured by fine g'laciul mud; immediately upon entering the Khddar, however, 

the water becomes more or less charged with silt and continues so throughout its course. 

For these months then the river must be denuding its channel. During the flood season, 

on the contrary, the water issuing from the mountains is highly charged with de¬ 

tritus; which is, to some extent at least, gradually deposited as the slope of the 

channel becomes lowered in the Khddar. Tt would be difficult to conjecture to what 

distances within tho plains coarse shingle and gravel might be rolled along by the scour of 

the current in extreme floods during successive seasons. Large stones not being found in the 

bed of the river in the dry season may not be a safe indication of the case; as it is conceiv- 

a ble that, they should always be buried under lighter deposits as the flood subsided. Whether 

or not the rivers are able, even with tho assistance of the clear water for eight months of the 

year, to carry out of the Khddar all that they carry into it in the flood season, cannot he 

determined without careful observation; but from all the considerations mentioned, it would 

seem likely that throughout the greater part of the Khddar the balance is in favor of erosion. 

Any tendency of the Ganges and Jamna to lower or to raise their bed at the mouth of their 

gorges ought to be discoverable from the effect on the canal-heads at Hard war and Fyzab&d. 

These figures are quoted from Mr. Fergusson's paper in the Quart. Jour. Geol. Soc., Lond., Vol. XIX, 1863. 
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Continued observations on the silt in the water, uniformly conducted at distant places, as at 

Fatehgarh, Kanhpur, and Allahabad, might indicate whether erosion or deposition is taking 

place within the Kkadar region. But the most satisfactory test would be, continued registra¬ 

tion of the rise and fall of the water on permanently fixed gauges, to be checked by an 

annual exact measurement of the low-water river-section at each gauge. 

Bhdbar and Tarai land.—Independently of such tracts on the eastern borders of the 

province as come within the sub-doltaic region of the great rivers, there is a considerable 

stretch of country whore the drainage is formative. Tho minor streams from the outer skirts 

of the mountains do not run on into the plains in deep channels cut through deposits of 

earlier times; they flow, at least for many miles, in broad shallow and ever-shifting beds 

formed of materials brought down by themselves. The load of shingle, gravel, sand, and earth 

washed into these torrents by the heavy rainfall from the precipitous slopes of tho Sivalilc 

hills, formed of soft conglomerates, sandstones, and clays, is far moro than tho current can 

carry into the main rivers. It is possible, too, as has just been discussed, that something of 

the same kind takes place in the upper reaches of these rivers themselves. There is thus, 

along the northern margin of the plains, a broad belt of ground the formation of which 

is strictly‘recent.’ The portion of it next the hills, having a steeper slope than the rest, 

is chiefly composed of shingle and gravel with a filling in of sand and earth. This is the 

forest-bearing zone known as the bhdbar. Except in the rainy season, it is devoid of water; 

streams of considerable volume soon sinking into the porous ground, to reappear (at least in 

part) along the lower fringe of the coarse deposits. This second zone, though having, on 

the whole, a considerable slope, greater than the general slope of the plains, is thus made 

watery and swampy; it is well known as the tarai. West of the Ganges this formaiivo 

process is specially active owing to the greater development here of the soft Upper Sivalik 

rocks, which are the most abundant source of detritus. Some years ago, excavations in 

connection with the Eastern Jamna Canal brought to light the ruins of an ancient town. 

The tarai in the Ja.mna-Ganges Doab is scarcely a noticeable feature, owing probably 

to the good natural drainage; tho watershed being here 400 feet abovo the Ganges at 

Hardwar. Eastwards from the Ganges the tarai becomes more and more distinct.. In 

the same direction remnants of an ancient hhdbar deposit become frequent and of increasing 

elevation, till in tho far east, at the base of the Sikim Himalaya, they stand at 1,000 feet 

over the actual torrents. To the south of tho plains some analogous cases of recent 

deposits may be found, but they are altogether insignificant; the larger rivers there also run¬ 

ning in channels which they do not overflow to any extent. 

The phenomena under notico have been only incidentally examined, so that tho sketch 

here given is very incomplete and open to correction. 

Age of the. bhdngar laud.—It. having been shown that the great mass of the plains, 

deposits belongs to a bj'goue period of formation, it devolves upon the geologist to ascertain 

the age and nature of the process. Yery little progress has as yet been made to that end ; 

the systematic study of the question not having been taken up. Some have maintained 

that the deposits are marine or estuarine; others, as seems most likely, that they are, at 

least to any observed depth, purely fluviatilo, by a process like what is now going on 

in the Bengal Provinces. No trace of marine organisms has been found in them. But 

some bones of terrestrial mammalia were got in a hard hod of calcareous gravel in the bed 

of the Jamna nearEtawa; and which seem to belong to species or varieties now extinct ; 

so that those deposits will probably take rank among the later Terliaries. From observations 

made in sinking wells along tho line of railway, one of the engineers has stated the general sec¬ 

tion of the Ganges,Jamna Doab south of Aligarh to be—loam 35 feet, blue silt 30 feet, strong 

lay 20 feet, resting on a water-bed of reddish sand, from which the water rises.some 30 feet. 
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The bed of clay slopes from north to south at about two feet in the mile, the surface sloping 

about eighteen inches in the mile. The water obtained from the blue silt is always more 

or less saline. The only deep section of the plains-deposits is from the boring for an 

artesian well at Arnbala. This position, a little to the west of the Ganges-lndus watershed, 

is on the zone of recent deposits; the river channels are all superficial, and become lost in 

the desert country to the south. There is nothing in the section of the boring to mark a 

change from these surface deposits to others of an older period. None could, indeed, have 

been expected, as it is only on an extended horizontal section that a plain of denudation, such 

as that of the present Ganges-.Tamna Doab, could be detected between any older beds and 

perfectly similar materials recently overlaid upon them. There is moreover no presumption 

that any such break exists in the plains-deposits west of the main watershed, or at least 

at that watershed. A single boring, too, can tell little or nothing of the arrangement of the 

strata. The depth reached was 455 feet, or 450 feet above the sea-level. Frequent alter¬ 

nations of clay and sand were passed through. At 286 to 296, and 400 to 417 feet, coarse 

gravel and large stones were found; strong beds of clay occurring again beneath. 

Kalar-lands.—The presence of alkaline salts to a very deleterious extent in the sub¬ 

surface water, and their appearance as an efflorescence in many parts of the country, has been 

an object of anxious enquiry in Upper India for many years back; especially as it seems 

on the increase, and most so in connection with irrigation. The efflorescence consists 

principally of sulphate, carbonate and chloride of sodium; more rai'ely nitrate; and occa¬ 

sionally with potassium as base. The crude salt with its earthy admixture is called Kalar 

(Kullur). The cultivators also speak of it as usar and reh. But, the former word is said 

properly to mean negatively sterile soil; and reh is said to be properly applied to the carbonate 

of sodium (or natron). Several conjectures have been made as to the origin of the Kalar: 

1, that it is an aboriginal ingredient of the soil; 2, that it is continually being elaborated 

from the soil by the action of water; 3, that it is brought up by water from saline deposits at 

some depth from the surface; 4, that it is vei-y largely aud to an indefinite degree due to 

accumulation by evaporation from lodgement of inundation waters. It is not likely that any 

of these is the exclusive cause; and it is most important to determine in what degree each of 

them may operate, with a view to determining the remedy to be applied in each case. The 

third supposition, which would be the most unfavorable of all, may bo set aside. There are 

some spots on the plains of Upper India, as at Bhartpiir, where deep brine-wells are 

worked; but the ground near them is not Kalar-land; and, on the other hand, through¬ 

out the tracts of Kalar-land the water of the deep wells is swoet, holding as little as, or 

even less saline matter than, the water of the great rivers. It is of course known that the 

Kalar salts are in the main the product of the decomposition of silicious minerals by 

atmospheric and other surface conditions. But the ingredients of alluvial deposits are 

entirely made up of mineral detritus that has already undergone the principal phase of this 

soil-producing action ; and its further decomposition would be very slow indeed. Whatever 

opinion may be maintained regarding very ancient /itf/ar-Iand, all the evidence upon the 

recent formation of these salts goes to prove that it is due to accumulation by evaporation 

in water-logged land ; and it is a necessary corollary from this that water-logging from river 

or canal inundation must immensely increase the rapidity of its growth. Flooding from 

rain would be limited to the salt-resources of the ground affected, or of such local drainage 

as it received; whereas river or canal inundation would be an inexhaustible source of importa¬ 

tion of these salts. Various remedies have been suggested for this most serious evil: the 

cultivation of plants, such as the barilla plant, which assimilates a largo amount of some of 

these salts ; the application of suitable mineral manures, so as to facilitate the utilization of 

these salts by ordinary crops; the application of efficient drainage If one had only a 

definite amount of Kalar to deal with, as would be the case supposing it to be of purely 
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local origin, the application of the first two methods might be sufficient. But with an 

inexhaustible and ever renewed source of the salt, such as is supplied by river and canal 

water (both being drainage water), it seems evident that efficient drainage is the only suffi¬ 

cient remedy. 

II.—The Himalayan region. 

Physical and Geological divisions.—In Kumaon and Garhwal the boundary of the 

Province extends up to the great snowy range, the frontier of Tibet. West of the Ganges, 

the District of Dehra-Dun (including Jaonsar) comprises only a small portion of the Lower 

Himalaya. The mountain-area, presents three well-marked physical zones. There is a 

naiTOW fringe of low hills, which, from their analogy to similar ridges in other countries 

named after the range to which they are subordinate, have been called the Snh-Himalayan 

range. North of these the mountains rise abruptly to an elevation of 6,000 to 7,000 feet; 

and from here there is a broad belt, some fifty miles wide, of ridges having this elevation, or 

hut very little over it, up to the base of the great snowy range. This middle zone has been 

designated the Lower Himalayan region. The geology of the hills has as yet been only 

cursorily examined. The rocks that appear within the limits of this province may he noticed 

under three heads: 1st, the Sub-Himalayan series, corresponding in distribution, at least in 

its upper groups, with the lower hills designated by that name ; 2nd, a limestone and slate 

series, occurring very constantly in a belt of varying width along the margin of the Lower 

Himalayas, as at Naini Tal; and 3rd, a metamorphic series with granitic protrusions, form¬ 

ing the rest of the Lower Himalayan region, and also the line of snowy peaks; close upon 

the northern flanks of which, beyond the frontier, there rest the Palseozoic and Secondary 

rocks of Tibet. 

The Suh-JIimalayan Series.—The youngest of these divisions, the Sub-Himalayan 

series, includes a wide range of the Tertiary period ; from the nummulities up to the Miocene 

Sivaliks; and these are closely connected with the Pliocene deposits of the plains. Tn this 

series three well marked physical stages have been described. In point of elevation the order 

of sequence of these has been reversed—-the oldest being highest and the youngest lowest, 

in their respective zones. This has not taken place by inversion; nor yet (it has been 

argued) by upheaval in steps, through faulting. Appearances are best explained by the 

supposition, that during successive periods of elevation an irregular scarped line of erosion 

was weathered out along the newly raised strata (like the present eliffed face of the Sivalik 

hills); and that against this, as boundary, the newer groups of deposits were accumulated, 

just as we see the bhabur slopes of the present day. As would result from such a process, 

the oldest group has been most elevated and longest exposed, and so has suffered most from 

denudation. Only remnants of it are left along the margin and on the flanks of the 

higher hills. 

The Subdthn group.—The typical area in which all the sub-divisions of the lowest 

group are seen lies out of the North-West Provinces, to west of the Jamna. The hill 

stations of Kusaoli, Dagshai, and Subathu are on these rocks, which take their name from the 

last of these places. The base of the group consists of brown clays with limestones and 

fine sandstones, passing up into thick red clays and strong sandstones. The age of the 

lower portion is well characterized by abundant nummulitic fossils. Only a very small 

remnant of these beds has yet been observed in these provinces. It occurs on a gap of the 

ridge bounding the Eastern Dun, close above Rikikds, and just north of the village of 

Bone. The ^ills of Kumaon and Garhwal have been only cursorily examined, and other 

outliers of this group may yet be found. 

The Ndhan group.—The middle group of the series is largely developed in the hills 

immediately at the base of the mountain range, as spurs of which they might be hastily 
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described ; but their distinctness as a range is well marked by a line of low gaps and open 

longitudinal valleys along the geological boundary, the drainage passing through the range 

by narrow transverse gorges. These features may he well seen along the Western Dun 

under Masuri. In the Eastern Dun, from Raj pur to the Ganges, this flanking range has 

been removed ; but east of the Ganges it appears again in gj-eat force, continuing so up to 

the Nepal frontier. The strata aro well exposed along both roads up to Naini Tal. They 

consist principally of massive gray sandstone (very like the molasse of Switzerland), with 

subordinate bands of clay. The small nests of lignite found at many places in the sand¬ 

stone have more than once given rise to exaggerated hopes, and even to confident statements, 

as to the existence of coal. Tho fine hamiatite iron-ore of Dechouri near Kalidungi is 

only a local concentration of the iron oxide which occurs so freely disseminated as an ingre¬ 

dient of the clays. This middle member of the series has been called the Nahan group, 

from the chief town of Sirmiir. 

The Sivalik group.—The youngest member of the Sub-TIimalayan series is the Sivalik 

group, so called from the name given to the outermost range of hills by Colonel Sir Proby 

Cautley, who found in those rocks the splendid collection of vertebrate fossils-, partially 

described by Dr. H. Falconer in the Fauna Sivalensis. These hills are much lower than those 

of the middle group, from which they are generally separated by the broad longitudinal 

valleys known as the duns; which are structural features, not mere valleys of denudation. 

The form of disturbance of the strata is very regular : broad ‘ normal' anticlinal flexures, 

the axis-plane sloping towards the mountains. The Sivalik hills have been weathered out 

along the axis of the flexures; and the duns lie on the flat northern slope. The original 

* Sivalik Hills’ are that well-defined portion of the range between the Ganges and the 

Jamna separating the Dehra-Dun from the plains. From a short distance east of the 

Ganges the range is broken and scarcely recognisable, having probably been denuded off 

and covered up, if indeed it had ever been so prominent as to the west. The bhabar 

deposits here often reach up to the base of the inner range of tho middle group of rocks. 

The Patli Dun is an irregular valley of denudation in these hills of the Nahan group. 

Tho lower part of the Sivalik group is very like the Nahan group in composition, save that 

the sandstone is softer and fresher. At top there is a great thickness of conglomerate, both 

earthy and sandy. Tho physical separation between the Sivalik and the Nahan group has 

recently been clearly made out; hut the distinction was unfortunately not observed in the 

collection or tho description of the great series of fossils formerly procured from this region. 

The vast majority, if not all, of the large mammalian remains were obtained from the 

younger group ; some vertebrate fossils were found in the Nahan rocks, hut they were in 

great part lost or wore mixed with those from the Sivaliks; a very interesting point—the 

comparison of the two faunas—was thus missed. 

The limestone and slate series.—The second rock-system to be noticed consists of an 

unknown thickness of slates, limestones, and sandstones, forming the first range of the 

mountains from end to end. The stations of Chakrata, Masuri, and Naini Tal are on those 

rocks. The strata are greatly contorted, although preserving a strike approximately parallel 

to the mountain range; and the relations of the several bands of rock can now he only' 

vaguely suggested. From the more regular sections in the hills west of the Jamna the 

series has been roughly divided, iu descending order, into—The Ivrol limestone; the 

Infra-Krol slaty shale (often carbonaceous); the Blini limestone and conglomerate; the 

Infra-Blini slates. It is the Krol limestone that determines the picturesque outline of the 

outer ranges, as at Naini Tal, compared with that of the great mass of the Lower 

Himalayan region. The Blini limestone has also been traced eastward, along tho outer flanks 

of the mountains, to as far as under Naini Tal. The Krol group has been asserted to be of 

triassic age; but the only fossils certainly known to have been procured from these rocks 
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within these provinces were some indeterminate casts of bivalves from a band of limestone 

in the gorge of the Tal river, at the east end of the Dehra-Dun. The lead-mines of Sirrnur 

and those near Subathu are in this series of rocks. Trappean intrusions occur at many 

places in them. 

The metamorphic series.—At many places, as on the Simla section, there is a complete 

transition from the slate series into the crystalline schist series, through a graduated meta- 

morpliism. Elsewhere the passage is abrupt, as in the valley north of Naini Tal, where the 

junction is complicated by profuse trappean intrusion. The great mass of the lower Hima¬ 

layan region, and also of the snowy range, is composed of crystalline schists, gneiss, and 

granite. There is a large mass of intrusive granite near Almora. Copper ores occur at many 

places, and are worked by the natives. They have not been favorably reported ou by Euro¬ 

pean mineral-viewers. There are also many line bands of rich iron ore; but the inacces¬ 

sibility of the ground prevents their being extensively used. Impure graphite is found in 

several places. 

III.—The Peninsular region. 

Although the rock-area south of the plains and within the North-Western Provinces is 

very small, it forms an extended line; and thus it includes representatives of the principal 

rock-series of Hindustan, excepting only the Deccan trap formation and the cretaceous rocks 

below it. There are thus to bo noticed— 

The coal-bearing series. 

The Vindhyan series. 

The slate series. 

The schist and gneiss series. 

The coal-bearing series.—The great plant-bearing series of rocks, so widely scattered 

over India, has been divided in different basins into a number of well-marked groups. But 

the characters of many of those sub-divisions, or their equivalence in time, do not exactly 

correspond from one basin to another, so that it is impossible as yet to adopt a scale of 

groups applicable throughout. The two bottom groups of the series are the most widely 

distributed and the most constant in character. The Talchlrs, the lowest group, is of 

special interest as exhibiting undoubted glacial action in very ancient rocks (probably 

Pakeozoie), and in what is now an iutertropical latitude. The most characteristic bed of 

this group is a fine greenish-gray silt, in which there frequently occur huge boulders of rock, 

sometimes ronnded, and sometimes, in the same spot, quite angular, occasionally polished 

and deeply grooved by friction; just as is at present only known to occur in glacial deposits. 

It is not possible at present to conjecture to what conditions—whether to great elevation, 

or to change of climate from cosmical causes—these phenomena were due. In most of 

the fields throughout India the coal-measures are confined to the Barakar group, which 

is largely made up of coarse fe)spathic sandstones. 

In British Singrowli, the southern extremity of the Mirzapur District, there are 

about forty square miles of the Talchir group exposed; and about twenty more overlaid by 

the Barakars. Erom the Kota mine in Singrowli all the coal was procured, which used in 

old times to be carried on pack-bullocks for forty miles, across the Vindhyan plateau, to 

Mirzapur, for the steamers on the Ganges. The sandstone forming the small plateau over 

the coal-measures at Kota probably belongs to one of the upper groups of the series. This 

is the only patch of this series of rocks within the North-Western Provinces. It is the 

eastern extremity of the great central basin of South Riwah. 

The Vindhyan series ■ its characters.—The base of the plant-bearing series is separated 

all over India by total unconformity, involving a great break in time, from the next preced¬ 

ing formation, which is known as the Vindhyan series. The precise range of this series has 
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not yet been fixed. The rooks to which the name was first given, or rather adopted from 

the old geographical name, are the strong fine sandstones forming a very long range of cliffs 

along the north side of the Narbada valley from Hosungabad to Jabalpur, and continuous 

thence along the north of the Son valley to Sasseram in Behar. As the sandstones recede 

from this line of cliffs, they become steadily split up by thick bands of shales, with lime¬ 

stones, and so necessitating a division into three principal groups, as Bhanrer, Riwah, and 

Kaimur, forming the original Vindhyan series. In the Son valley the sandstone cliff’is 

weathered back to the north of its line in the Narbada country; thus exposing older beds, 

underlying the Kaimur sandstone. These consist of limestones, fine flaggy sandstones and 

shales, with strong bands of very peculiar porcellanic and trappoid beds; the whole forming 

a series of local groups. Beds of exactly the same description as those of the Son 

Valley appear again along the north edge of the Vindhyan basin; and here also they 

stop out against the gneissic rocks of lower Bandelkand, and so are entirely over¬ 

lapped by the Kaimur sandstone. They were here first described as the Semri series, 

but are now properly merged in the Son series. As these strata present throughout 

steady parallelism with the Vindhyan beds above them, both occupying the same basin, 

being alike affected by local disturbance, and alike free from any symptoms of meta¬ 

morphism (except the conversion of the sandstone into quartzite in certain positions 

of disturbance), the name Vindhyan has been extended to the whole series, with only 

the distinction of Upper for all the original Vindhyans and of Lower for the Son 

series. On the north side of the gneissic area of lower Bandelkand, about Gwalior, there 

is a group of rocks resting, just as the upper Vindhyans themselves do, upon an old surface 

of the gneiss; they have scarcely undergone any more disturbance or metamorphism than 

the Vindhyans; but the Kaimur conglomerate rests unconformably upon an ancient surface 

of erosion of these rocks, and is largely made up of their debris. There is, however, 

at least one marked character common to the Gwaliors and the lower Vindhyans—the 

peculiar porcellanic and porphyritoid beds occur in both; and it would be by no means 

improbable to suppose that the two are in part cotemporaneous deposits. There are 

also marked differences between them; the Gwaliors are highly ferruginous and include 

some strong sheets of cotemporaneous basic trap. These new characters, on the other 

hand, suggest another link in the descending series of formations: recrossing the same 

gneiss, to the south, we find in the Bijawar country a new group of rocks, still again 

resting flatly upon an eroded surface of the gneiss, only partially disturbed and showing only 

incipient metamorphism, but upon which the original lower Vindhjrans rest unconformably. 

Cotemporaneous trap and highly ferruginous deposits are marked features of this Bijawar 

group; and it would not be extravagant to assume that it is, in part, cotemporaneous with 

the Gwalior group. Again, in the S6n Valley, the lower Vindhyans rest with extreme 

unconformity upon beds that have been thought to represent those of Bijawar, and which 

have become highly metamorphia and associated with gneissic rocks. We thus finally arrive 

at the suggestion of a younger and an older gneissic series; without fluffing, below the 

Vindhyans proper, a clearly marked physical break applicable generally over even so small a 

geological field as the Indian Peninsula. 

The stratigraphical difficulties observed in the preceding paragraph might be removed 

by the aid of fossils; but to the great disappointment of geologists in India, the Vindhyans 

have as yet yielded no organic remains, although the undisturbed and unaltered strata 

composing them, often covered with fine ripple marking, continually tempt one with the 

hope of successful search. Some forms supposed to be corals were found by Mr. Hacket in 

a limestone of the Gwalior series. 

Besides producing in abundance building stone of first rate quality and limestone, 

the Vindhyans are only remarkable as containing diamonds. The mines near Pannah are 
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now more worked than any others in India. The gem is, of course, found in the diluvial 

deposits; but the diggings most prized are in the Riwah group of the Vindhyan series. 

Although, however, this group has a very wide range, diamonds are not known to occur 

in it beyond a very limited tract in the State of Pannah. This fact and other observations 

have suggested that the diamond was not originally formed in the Riwah group ; but rather 

in some peculiar contact-rocks at the base of the lower Vindhyan, or Son, series, and well 

exposed in the sections close to the north of Pannah. 

Its distribution.—The Karamnasa, forming the eastern boundary of the North-Western 

Provinces, flows from the eastern extremity of the Vindhyan plateau. Prom here to 

Futehpur Sikri (which stands upon a ridge of Blianrer sandstone), south of Agra, the north 

scarp of the Vindhyans corresponds approximately with the south boundary of the 

provinces; the native states of lower Bandelkund being intricately interwoven with the 

districts of Banda, Lalatpur, and Jhansi. Only, on the east, the Mirzapur district stretches 

southward across the Vindhyan plateau, here formed of tho Kaimur group, and across the 

S6n valley, where there is a full section of the lower Vindhyan, or S6n, series. Tho 

northern outcrop of this same series is exposed in the Banda district, about Ifirwi. Tho 

Gwalior series just touches the border of the province in the Etawah district. 

The slate series.—In discussing the range of the Vindhyan series, the Bijawar 

formation was mentioned as showing incipient metamorphic action. It is made up of 

hornstone-breceias, quartzite-sandstone, cherty limestones, ferruginous sub-schistose slaty 

shales, and thick sheets of basic trap-rock. The districts of Bauda and Lalatpur just touch 

upon the original area of these rocks in Bijawar. In tho Mirzapur district, in the hills 

south of the Son, similar rocks occur, in a state of high contortion, and connected on the 

south with a broad band of clay-slates, which are in turn intimately associated with 

crystalline schists and gneiss. 

The schist and gneiss series.—The wide bay formed by the Vindhyan scarp between 

Gwalior on the north-west and Kirwi on the south-east is occupied by highly metamorphic 

rocks,—coarse porphyritoid gneiss and crystalline schists. In the districts of .Hums and 

Lalatpur these rocks appear freely ; but to tho north-east, in the districts of Jaloun, Hamirpur, 

and Banda, outcrops become more and more scarce as the rock disappears under the 

plains deposits. The strike of the foliation and of the bedding, where observable, is 

generally east and west. Greenstone dykes are very abundant, with a prevailing north-west- 

south-east direction. None of these dykes pass into any of the overlying sedimentary rocks, 

and are therefore presumably of older date. The most striking feature of this area is 

the prevalence of great quartz-reefs, standing up in great wall-like ridges, sometimes 

more than threo hundred feet high, many yards wide, and running quite straight for 

several miles continuously, or with intervals appearing again on the same strike. They 

have a prevailing north-easterly run, but exceptions are frequent. These also are certainly 

older than the Bijawar formation, and also apparently older than the trap dykes. It has 

been thought that gold should be found in or about these great quartz-reefs ; but there is 

no trace or tradition of its occurrence. According to some theories, this would be accounted 

for by the extreme antiquity of these reefs and of the enclosing gneiss. 

The gneiss at the southern point of tho Mirzapur district in Singrowli belongs to the 

great metamorphic area of Bchar and Bengal. Here also massive porphyritic and granitoid 

gneiss is the predominant rock, with subordinate bands of hornblende schist. There is a 

strong hand of fine Corundum in it near the village of Pipra. Bands of crystalline 

dolomite and limestone are also frequent in this gneiss; whereas none whatever has been 

observed in the gneiss of Bandelkund. 

H. B. MEDLICOTT. 

September 1872, 
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DONATIONS TO MUSEUM. 

S. E. Peal, Esq., Assam.—A supposed ancient stone implement found in the common clay 

at Seebsaugor. 

A. Stewart, Esq., Collector, Rajamundry, Godavari District,—A series of Intertrappean 

fossils from Ivateroo, Rajamundry. 

C. U. Shepard.—A small portion of the Meteorite which fell at Searsmont, Walds Co., 

Maine, U. S. A., fell 21st May 1871. 

Dfi. Birch, 10th N. I., Barrackpore.—A specimen of calcareous tufa (statactitic) from 

Ross, Hokatoka, West Coast of New Zealand. 

ACCESSIONS TO LIBRARY. 

From 1st October to 31st December 1872. 

Titles of Boolcs. Donors. 

Annual Reports of the Superintendent of the Coast Survey for 1851-52, 1853, 1854, and 1858, 

4to., Washington. 

Museum, Comp. Zool., Harvard. 

Archaeological Survey of India. Reports for 1862—1865, Yols. I and II, (1871), 8vo., Simla. 

Home Office. 

Elliot, Sir H. M.—The History of India as told by its own Historians, Vol. IV. The 

Muhammadan period, (1872), 8vo., London. 

Government of India. 

Geological Survey of Illinois, Yols. TII and IV, Geology and Pakeontology, 1868 and 1870, 

8vo., Springfield. 
Museum, Comp. Zool., Harvard. 

Hector, James.—Geological Survey of New Zealand. Reports of Geological Explorations 

during 1870-71, with maps and sections (1871), 8vo., New 

Zealand. 
Geological Survey of New Zealand. 

Huxley, Thomas H.—A Manual of the Anatomy of Vertebrated Animals (1871), 8vo., 

London. 

Jaarboek van bet mijnwezen in Nederlandsch Oost Indie. Jaarg. I, Deel. I, (1872), 8vo., 

Amsterdam. 
Netherlands’ Government. 

Markham, C. R.—Abstract of the Reports of the Surveys and of other Geographical 

Observations in India for the year 1870-71, (1872), 8vo., London. 
India Office. 

Packard, A. S.—First and Second Annual Reports on the injurious and beneficial Insects 

of Massachusetts (1871 and 1872), 8vo., Boston. 
Peabody Academy of Science. 

Injurious Insects, new and little known (1870), 8vo., Salem. 
Ditto. 

„ „ Record of American Entomology for 1868 and 1870, (1869 and 1871), 

8vo., Salem. 
Ditto. 

Scudder, Samuel II.—A systematic Revision of some of the American Butterflies (1872), 

8vo., Salem. 
Ditto. 
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Titles of Bootes. Donors. 

Soweeby, James.—Mineral Conchology of Great Britain, VoL VII, Nos. 106 to 113, (1840) 

8vo., London. 

Tate, Ralph.—Rudimentary Treatise on Geology, Part II. Historical Geology, (1871), 

8vo., London. 

Walkee, Colonel.—Notes on the Harmonic Analysis of Tidal Observations, (1872), 8vo., 

London. 

The Authob. 

PERIODICALS. 

American Journal of Conchology, Yol. VII, part. 4 (1871-72), 8vo., Philadelphia. 

„ „ of Science and Arts, 3rd Series, Yol. IV, Nos. 20 to 23 (1872), 8vo., New 

Haven. 

„ Naturalist, Vol. II, (1868), V, (1871), 8vo., Salem. 

Peabody Academy op Science. 

Annales des Mines, 7th Ser., Vol. I, liv. 3, (1872), 8vo., Paris. 

L’Administr. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. X, No. 69, (1872), 8vo., London. 

„ of Indian Administration for 1871-72, Vol. XVI, part. 2, (1872), 8vo., Serampore. 

Government of India. 

Archiv fur Naturgeschichte, Jahrgang XXXVII, heft 4, (1871), 8vo., Berlin. 

Geological Magazine, Vol. IX, Nos. 9 to 11, (1872), 8vo., London. 

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, Nos. 2 to 4, 

(1872), 4to., Bombay. 

Government of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. XLIV, Nos. 293 & 294, (1872), 8vo., London. 

Neues Jahrbuch fur Mineralogie, Geologic, und Paleeontologie, Jahrgang, 1872, heft 5 & 6, 

(1872), 8vo., Stuttgart. 

Peterman, De. A.—Geographische Mittheilungen, Band XVIII, Nos. 8 to 10, (1872), 4to., 

Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. I, No. 6, (1872), 8vo., 

Roorkee. 

Principal, Thomason College. 

Quarterly Journal of Science, No. 36, (1872), 8vo., London. 

GOVERNMENT SELECTIONS. 

British Burma.—British Burma, General Department. Reports on Hospitals and Dispen¬ 

saries for 1869-70, (1872), 8vo., Rangoon. 

Chief Commissioner, British Burma. 

„ British Burma, General Department, (Sanitary). Report on Sanitary 

Administration for 1871, (1872), 8vo., Rangoon. 

Ditto. 

„ British Burma, Judicial Department, (Police). Report on Police 

Administration for 1871, (1872), Svo., Rangoon. 

, Ditto. 

„ British Burma, Judicial Department. Report on Criminal and Civil 

Justice for 1871, (1872), 8vo., Rangoon. 

Ditto. 
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Titles of Books. Donors. 

Beitish Burma.— British Burma, Political Department. Report on the Administration ot 

the Hill Tracts, Northern Arrakan, (1872), 8vo., Rangoon. 

Chief Commissioner, Beitish Burma. 

„ British Burma, Revenue Department, (Excise). Report on Excise Admin¬ 

istration for 1871-72, (1872), 8vo., Rangoon. 

Ditto. 

„ British Burma, (Miscellaneous) Report on Revenue Administration for 

1871-72, (1872), 8vo., Rangoon. 

Ditto. 

India.—Cunningham, J. M.—Eighth Annual Report of the Sanitary Commissioner with 

the Government of India, 1871, (1872), fisc., Calcutta. 

Government of India. 

„ Narrative of the Course of Legislation by the Council of the Governor General 

during the official year, 1871-72, (1872), 8vo., Calcutta. 

Ditto. 

„ Selections from the Records of the Government of India, Department of Agricul¬ 

ture, Revenue and Commerce. No. 90. Extracts from the Reports 

of the Trigonometrical, Topographical, and Revenue Surveys of 

India for 1870-71, (1872), 8vo., Calcutta. 

Ditto. 

Noeth-Vvestern Provinces.—Carmichael, C. P.—Report on the Administration of the 

Police of the North-Western Provinces for 1871, (1872), fisc., 

Allahabad. 

Government, N. W. Provinces. 

Punjab.—-Report on the Administration of the Punjab and its Dependencies for the year 

1871-72, (1872), 8vo., Lahore. 

Punjab Government. 

TRANSACTIONS, &c. 

Berlin.—Monatsbericht der konig. Preuss. Akad. der Wissenschaften, May to July, (1872), 

8vo., Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIV, heft 1—2, 

(1872), 8vo., Berlin. 

The Society. 

Boston.—Journal of the Boston Society of Natural History, Vol. IV, Nos. 2—4, (1844), 

8vo., Boston. 

Ditto. 

„ Memoirs of the Boston Society of Natural History, Vol. II, pt. 2. On the Deve¬ 

lopment of Limulus Polyphemus by A. S. Packard, (1871), 

4to., Boston. 

Ditto. 

Breslau.—Achtundvierzigster Jahres. Bericht der Schlesischen Gesellschaft fur vaterlan- 

dische Cultur, (1870), 8vo., Breslau. 

Silesian Society, Breslau. 



PART l.] Accessions to Library. 21 

Titles of Boohs. Dovors. 

Calcutta.—Journal of the Asiatic Society of Bengal, New Ser., Vol. XLI, part I, No. 3, 

part II, Nos. 3 and 4, (1872), 8vo., Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. 9, November, (1872), 8vo., 

Calcutta. 

Ditto. 

„ Records of the Geological Survey of India, Yol. V, pt. 4, (1872), 8vo., Calcutta. 

The Survey. 

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology, Yol. I, Nos. 1—7, 
and III, Nos. 2—4, (1869 and 1871), 8vo., Cambridge. 

Museum, Comp. Zool., Harvard. 

„ Catalogue of the Museum of Comparative Zoology at Harvard College, 

No. IV, Pourtales, L. F. de. Deep-sea Corals, (1871), 8vo., 

Cambridge. 

Ditto. 

Annual Report of the Trustees of the Museum of Comparative Zoology 

at Harvard College for the years 1868—1871, 8vo., Boston. 

Ditto. 

Memoirs of the American Academy of Arts and Sciences, Vol. I, (1785), 

to IV, (1821), 4to., Cambridge. 

The Academy. 

Dresden.— Academi® Csesarese-Leop. Nat. Cur. Ephemerides sive observationum Med. 

Phys. centuria I, (1712), to X, (1722), 8vo,, Lipsiae. 

„ Acta Physico-Medica Academia; Ctesarea; Leopoldino-Carolina; Naturse Curioso- 

rum exhibeutia Ephemerides, Vol. 1, (1727), to X, (1754), 8vo., 

Norimberga. 

„ Abhandlungen del- romisch-kaiserlichen Akademie Medicinisch, Chirurgisch 

Anatomisch Chymisch und Botanische, Vol. I, (1755), to XX, 

(1771), 8vo., Norimberga. 

„ Nova Acta Physico-Medica Academire Csesarese Leop.-Carol. Nat. Curio. Ephe¬ 

merides, I, (1757), to VIII, (1771), 8vo., Norimberga. 

„ Novorum Actorum Academi® Csesare® Leopoldino-Carolinse Natur® Curio- 

sorum, Vol. IX, (1818), to XXXIII, (1867), 4to., Dresden. 

„ Miscellanea Curiosa, Vol. I, (1670), to XIII, (1705), and Index (1670—1705), 

8vo., Norimberga. 

„ Kellner, W. A., and Buchner, A. E.—Index rerum memorab. quae in 

decuriis III, ac eenturiis X, Ephemeridum ab anno 1670—1722, 

(1739), 8vo., Norimberga. 

„ Commercium Litterarium ad rei medic® et scientiae naturalis incrementum. 

Anni 1731—1745, 8vo., Norimberga. 

„ Biichner, A. E. Academia; sacri Romani Imperii Leop.-Carol. Nat. Curio. 

Historia, (1755), 4to., Halle. 

„ Neigebauer, J. D. F.—Geschichte der Leop. Carolinischen Deutschen 

Akademie, (1860), 4to., Jena. 

„ Sitzungsberichte der naturwissenschaftlichen Gesellschaft Isis in Dresden 

Jahrg., 1871, Juli to Sept., 8vo., Dresden. 

The Isis Society. 

Florence.—Bollettino R. Comitato Geologico d’ Italia, Nos. 7—10, (1872), 8vo., Florence. 

The Society. 
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Titles of Boohs. Donors. 

London.—Journal of tire Royal Asiatic Society of Great Britain and Ireland, New Series, 

Vol. VI, part 1, (1872), 8vo., London. 

The Society. 

„ Memoirs of the Geological Survey of the United Kingdom. Figures and Descrip¬ 

tions illustrative of British Organic Remains, Decade XIII, 

(1872), 8vo., London. 

Geological Survey of Gbeat Beitain. 

„ Memoirs of the Geological Survey of England and Wales. Explanation of 

Quarter Sheet, 88 N. E., of the Geological map of England 

and Wales, illustrating the Geology of the neighbourhood of 

Dewsbury, Huddersfield, and Halifax, (1871), 8vo., London. 

Ditto. 

„ Memoirs of the Geological Survey of England and Wales. Explanation of 

Quarter Sheet, 93 S. W., of the one-inch Geological Survey map 

of England, illustrating the geology of the carboniferous 

rocks north and east of Leeds, and the Permian and Triassic 

rocks about Tadoaster, (1870), 8vo., London. 

Ditto. 

„ Geological Survey of England and Wales. Geology of the country between 

Liverpool and Southport, and explanation of geological map, 

90 S. E., by Charles E. de Ranee, (1870), 8vo., London. 

Ditto. 

„ Memoirs of the Geological Survey of Great Britain and of the Museum of 

Practical Geology. Mineral Statistics of the United Kingdom of 

Great Britain and Ireland during the years 1869 and 1870, (1870 

and 1872), 8vo., London. 

Ditto. 

„ Memoirs of the Geological Survey of England and Wales, Vol. IV, Whitaker, Wm. 

The Geology of the London Basin, part I. The chalk and the 

eocene beds of southern and western tracts, (1872), 8vo., London. 

Ditto. 

„ Proceedings of the Royal Society, Vol. XX, Nos. 135—136, (1872), 8vo., London. 

The Society. 

„ Ray Society. Allman-Geoege, J. A monograph of the Gymnoblastic or 

Tubularian Hydroids, (1872), 4to., London. 

Munciien.—Abhandlungen der Mathematische-Physikalischen classe der k. b. Akad. 

Wissenschaften, Band XI, abth., (1871), 4to., Miinchen. 

The Academy. 

„ Sitzungsberiehte der Mathematische-Physikalischen classe der k. k. Akad. 

Wissenschaften zu Miinchen, 1871, heft. 3, and 1872, heft. 1, 

8vo., Miinchen. 
Ditto. 

,, Sitzungsberiehte der konig. haver. Akademie der Wissenschaften zu Miinchen, 

1869, I, heft 4, and II, heft. 1 and 2, 8vo., Miinchen. 
Ditto. 

Philadelphia.—Journal of the Academy of Natural Sciences, Philadelphia, New Ser., Vol. I, 

(1847), to 111, (1855), 4to., Philadelphia. 
The Academy. 
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Philadelphia.—Proceedings of the Academy of Natural Sciences, Philadelphia, 1857— 

1858; pp. 65-144 of 1861; Nos. 1—6 of 1862; Nos. 1—2 of 

1869, 8vo., Philadelphia. 

Museum, Comp. Zool., Haevabd. 

„ Journal of the Franklin Institute— 

1st Ser., Yol. V—VI, (1828), 

2nd „ Vol. Ill, (1829)—XXVI, (1840), 

3rd „ Vol. I, (1841)—XXXII, (1856), 

„ „ Vol. XLVII, No. 5, (1864), LXIII, No. 6, and 

„ „ Vol. LXIV, Nos. 1—3, (1872), 8vo., Philadelphia. 

Ditto. 

Transactions of the American Philosophical Society, New Ser., Vol. XIII, 

pt. 2, (1865), 4to., Philadelphia. 

Ditto. 

„ Proceedings of the American Philosophical Society, Vol. I, Nos. 1—4 and 

6—12, (1840); II, Nos. 16 and 18, (1841); III, (1843); IV, 

Nos. 29—39; V—VI; VII, Nos. 61—62; and VIII—IX, 8vo., 

Philadelphia. 

Ditto, 

Salem.—Bulletin of the Essex Institute, Vol. II, (1870), III, (1871), 8vo., Salem. 

The Institute. 

„ Memoirs of the Peabody Academy of Science, Vol. I, Nos. 2—3, (1872), 8vo., 

Salem. 

The Academy. 

„ First Annual Report of the Trustees of the Peabody Academy of Science, (1869), 

8vo., Salem. 

Ditto. 

Vienna.—Jahrbuch der k. k. Geologischen Reichsanstalt, Vol. XXII, Nos. 1—2, (1872), 

8vo., Vienna. 

The Institute. 

„ Verhandlungen, der k. k. Geologischen Reichsanstalt, Vol. XXII, 1872, Nos. 1— 

10, 8vo., Vienna. 

Ditto. 

Washington.—Proceedings of the American Association for the Advancement of Science, 

Vol. IV, (1850), to XIX, (1870), 8vo., Washington. 

Museum, Comp. Zool., Haevabd. 

„ Smithsonian Contributions to Knowledge, Vol. I, (1848), to XVII, (1871), 

4to., Washington. 

Ditto. 

„ Smithsonian Miscellaneous Collections, Vol. I, (1862), to IX, (1869), 8vo., 

Washington. 
Ditto. 

„ Annual Report of the Board of Regents of the Smithsonian Institute for 

the years 1857—1859 and 1866, 8vo., Washington. 

Ditto. 

Yobk.—Communications to the monthly meetings of the Yorkshire Philosophical Society, 

1870—1871, 8vo., London. 

The Society. 

January 10th, 1872. 
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RECORDS 

OF THE 

GEOLOGICAL SURVEY OF INDIA. 

Part 2.] 1873. [May. 

Name. 

Position and boundaries. 

The Bisrampuk Coal-field, by V. Ball, m. a., Geological Survey of India. 

The above name being that of the capital town has been given to an area of coal- 

measure rocks which is situated in the eastern portion of the 

comparatively low-lying ground of Central Sirguja. On the 

north and east the limits of the original basin of deposit are 

defined by, in the former case, a ridge of low hills composed of metamorpbic rocks, and in 

the latter by the flanks of a plateau formed of the same rocks. This plateau rises from 1,000 

to 1,800 feet above the generally elevated country of Western Chota Nagpur; thus forming 

a step or barrier between Lohardugga and Central Sirguja. 

In some cases the ancient valleys and indentations in these bounding walls of the basin 

are occupied by prolongations from the rocks of the Talehlr formation, which, as they crop 

out on all sides, probably underlie the coal measures throughout. Instances occur, notably 

one, where spurs from the metamorphics penetrate into the area now occupied by the coal 

measures. With these exceptions the latter lie within well defined boundaries, which, to a 

comparatively small extent only, have been affected by faults. On the south and west the 

case is very different. The original boundaries of the coal measures are far removed from the 

present limits; and broken and semi-detached extensions of the sedimentary rocks, especially 

the Talchirs, connect the Bisramptir field with other coal-fields, which, however, for all practical 

purposes are, and for purposes of description maybe, most conveniently regarded as distinct. 

The coal measures whose limits have been thus defined occupy an area of about 400 

Area square miles, throughout which, except in the river hods or their 

immediate neighbourhood and on a few small hills, no rocks are 

exposed : a considerable covering of alluvium concealing all. To such an extent is this the 

case that a traveller might pass over the Bisrampur and Partabpur road for twenty-two miles 

without seeing a single outcrop of Barakars, save at two or three of the river crossings. 

The level of this area falls gradually from south to north, Bisrampur at the south-east 

_ . corner being 1,943 and Kiunra on the northern boundary 1,747 

teet above the sea level. 

The drainage of the eastern three-fourths of the field is effected by the Mahan river 

and its tributaries. The waters of the remainder are carried directly into the Rehr by the 

Pasang and other smaller tributaries. Tbe Mahan itself joins the Rehr at a point a few 

miles to the north-west of the field, in its course traversing a channel deeply cut in the above 

mentioned barrier of metamorphic rocks which bounds the field on the north. This fact, if 

others were wanting, affords evidence of the immense denudation 

which has taken place. But in the isolated Pilka hill, formed of 

the upper sandstones which rest on the southern boundary of the field, there is a remnant 

Denudation. 
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of the rocks, -which, with a covering of trap, filled up the basins and valleys existing in the 

ancient metamorphic area. Thus, we can see what were the conditions which gave the river 

a fall from above, sufficient to enable it in the long lapse of time to cut down through what, 

under other circumstances, would have been an insurmountable obstacle to the formation of 

a drainage outlet for this area on the north. 

Under somewhat similar conditions, two other considerable rivers, the ICunhur and 

Eehr, have cut gorges for themselves, through which they are gradually removing away all 

traces of those rocks whose former presence enabled them to force their way to the Sone. 

Thus the valleys and basins are being sculptured and cleared out anew, the sedimentary 

rocks broken up into detached areas, and the basal metamorphics gradually re-exposed to 

the direct action of denudation. 

Previous to the first visit of the Geological Survey, the information regarding the 

existence of coal measures in Sirgiija was of a somewhat hazy 

character, being chiefly confined to brief notices by the district 

officers, who in their tours had seen or heard of the existence of coal seams. 

Previous observers. 

Colonel Ouseley, J. A. S. B., In a paper on the antiquities of Sirgiija, Colonel Onseley men- 
xvii, 1848, p. Co. tions the occurrence of coal, iron, gold, ochre, marble and lime in 

that district. 

In Mr. Greenough’s map the Damiida valley coal measures are connected with those 

Greenoujrh, Brit. Ass. Re- °f Sirgiija and the Hutso valley. The incorrectness of this was 
port fur l«54, and map. pointed out in the Report of the Committee on Mr. Greenough’s 

map, appointed by the Asiatic Society in 1866. Vide J. A. S. B., XXV, p. 425. 

Colonel Haugliton states “ the Gangpiir coal formation is 

probably connected with that of Sirgiija and Palamow; but on 

this point I have no reliable data.” 

Colonel Dalton alludes to the occurrence of coal in parts of 

Sirgiija. 

Localities for coal are given on the 1-inch maps constructed under the superintendence 

Topographical Survey Maps, of Major Depree and Captain Sale. Reference will be made to 

these localities in the following pages. 

Colonel Haugliton, J. A. S. 
B., 1854, p. 105. 

Colonel Dalton, J. A. S. B., 
XXXIV, pt. II, No. 1, 1866. 

1867-68. 

I.—General Geology. 

The sedimentary rocks of this area are referable to three formations, viz. :—■ 

Talchir series. 

Damiida series (Barakar group). 

Upper sandstones (= Matuidevas P) 

As to the maximum thickness of the Talchirs, there are no sections sufficiently definite 

to enable us to determine its amount with certainty; but in no 

part of the field where the rocks of this formation are exposed do 

they reach 200 feet. In the clearest section in the area—in the Goinghatta—the same beds 

roll over and over and it is impossible to measure them. Outside what we have adopted as 

the limits of the present description, there may be a much greater thickness, and in one 

section underneath the Main pat, they certainly do exceed 200 feet. 

Similarly with the Barakars, though occupying a considerable area, there is no tilting 

or disturbance of the beds for any continuous distance, the con¬ 

sequence being that no measurements can be made which are of 

the least value for determining the thickness. The prevalence of sandstones to the almost 
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Upper sandstones. 

Extent of T&lcMrs. 

total exclusion of the other rocks which go to make up the Barakar group in the eastern 

coal-fields renders it impossible to identify individual beds in sections at any distance from 

one another. And the coal seams are far too irregular and variable in thickness to be of 

much use for this purpose. 

From the general horizontality of the beds, from the character of the basin in which 

they lie, and the outcropping of the Talchirs on all sides, it is evident that, as compared with 

the eastern fields, the thickness must be inconsiderable, and I find it difficult to bring myself 

to believe that it anywhere amounts to even as much as 500 feet. 

With the upper sandstones it is less difficult to assign a definite thickness, though it 

be a minimum one. The horizontal beds which form the Pilka 

hill are about 1,000 feet thick. 

II.—Talchirs. 

The natural geological boundaries of the Bisramptir coal measures include an area suffi¬ 

ciently limited and compact for convenient description; but such 

is not the case with respect to the underlying Talchirs. Were 

the usual practice—one very well suited to the Talchirs underlying the coal measures of the 

eastern basins—of following out the rocks to their extremest limits adopted in Western 

Chota Nagpur, we should find ourselves obliged to follow the extension in one direction 

towards Eitva and Mirzapur, and in the opposite some 100 miles or so towards Sambalpur. 

As it has been found with the metamorphic rocks elsewhere, so the Talchirs, which 

spread over such an enormous area in Sirguja, can be most satisfactorily discussed in a 

general account of the district, apart from their relations to any particular basin occupied by 

coal measures. 

In describing the distinct areas of coal measures which occur in Western Chota Nagpur, 

I propose in future to adopt artificial boundaries, which will include a limited margin of 

the surrounding rocks. 

In the present instance the Rehr river serves as a very convenient boundary, except for 

Limits of Talchirs here a short distance near Paharbulla, where the coal measures them- 
deseribed. selves cross it. 

On the north of the field, outside the fault which bounds the coal measures, there are 

two patches of Talchirs. The principal of these situated west 

of the village of Kiunra, is of an irregular triangular shape, and 

is traversed by the Mahan river. The rocks in the lower portion of this area adjoining 

the fault are pebble and boulder beds, with some hard sandstone: the latter I did 

not at first recognise as belonging to the Talchir formation, but further on it is seen to pass 

into true Talchirs, which extend up the Sukaia river for about a mile. A short distance 

north-east of Sugri these rocks are cut off by a ridge of slaty quartzites. In the upper 

reaches of the stream just mentioned, outside our limits, there is a strip of Talchirs the 

boundaries of which have not yet been mapped. 

The second patch of Talchirs lies south of the village of Maliaispur; it is of quadran¬ 

gular shape, and is in area about If square miles. Its northern 

boundary is very irregular, a stream which runs with it alternately 

exposes Talchirs and metamorphics. 

From the position of the faulted boundary, which is well seen in the Banki river close 

by, there can be little doubt that these patches lie outside the run of the fault, but I did 

not succeed in finding any point where the section showed direct opposition ol the edges 

of the Barakars and Talchirs. 

TSlchlrs west of KiunrS. 

TAlchlrs south of MaMispur. 
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Talchirs in Mdhrtn valley. 

From the eastern corner of tlie field, a long irregular strip of Talclnrs runs with the 

valley of the Mahan towards Uphia, near which place it probably 

disappears under the sandstones exposed on the southern face of the 

Mailan pat. So far as it could be traced between Uphia and Barbaspur, it appears to be 

unbroken for about fourteen miles. When it does not occupy the present bed of the river, it is 

often much obscured by alluvium and jungle. The boundaries of this strip are frequently in¬ 

dented by noses of metamorphics and submetamorphies, and there are also several inliers 

of the same rocks. 

The bottom rocks of the Talchirs in the sections exposed in the M aban are the boulder 

bed with very irregular bedding and a hard grit sandstone. Overlying these is a considerable 

bed of yellowish-green sandstone, which, near Barbaspur, has been thrown by a cross-fault 

against the edges of the Barakars. In the Mahan itself shale beds are of comparatively rare 

occurrence, but they are exposed in some of the sections in the streams which join it on the 

south. 

One point in reference to the boulder bed, which plasters over quartzites and slates in the 

river south of the Ranchi and Partabpur road-crossing, is deserving 
Origin of boulders. „ . , ... . . 

ot especial notice, as it, has an important bearing on the origin 

of that rook. The principal proportion of the boulders are derived not from the underlying 

rocks, hut from the granitic gneisses which occur three miles to the north. One rock, 

a pink porphyritic granite, which is seen in situ north of Tarki, seems to have been a prolific 

source of these boulders.* 

A branch from the strip of Talchirs above described borders the Barakars southward 

as far as Karnji. This branch is traversed by the Gehur river, 

in which there is a section of sandstones and boulder bed, which 

continues up to the mouth of the Doldoa stream, where slates and quartzites strike into 

the river and continue in its bed for several miles. 

Talchirs on eastern boundary. 

In the Gagnr river west of Karnji there is a very intricate section in which Barakars, 

Talchirs, Slates, Talchirs, Slates, and Barakars are successively exposed. 

The jungle on the banks is very dense, and the map is, probably from that reason, 

deficient in detail, so that it is difficult to trace out the geological boundaries. The accom¬ 

panying map may, however, be taken as affording a fair approximation to the true state of 

things. The second appearance of the slates is due to the same cross-fault as that above 

mentioned at Barbaspur. They occur as a very small iulier in the base-beds of tbe Talchirs, 

whose ends are against the Barakar Sandstones. 

As to the continuation of this fault further south, I could see no satisfactory evidence. 

Possibly it bounds the Talchirs south-east of Udukatra, but with 

the streams, in which the Talchirs are exposed, inclining, accord¬ 
ing to the map, to the westwards, it is impossible so to represent it. 

Between Karnji and Chargar there is a very small patch of Talchirs exposed in the 

low ground. 

K or ill-east of Sidma there appears to he a nai’row strip of Talchirs cropping out from 

Talchirs north-cast ofSidml uude™eath the Barakars, but the evidence of its existence is 
afforded rather by debris in the stream, than from rocks in situ. 

* In some of the boulder beds which eceur in tbe country west of the Rohr, a considerable proportion of the 

boulders consist of a reddish quartzite saudstone, probably of Vindyan age, which, if that supposition be correct, 

must have been transported to their present position from the neighbourhood of the Sone. This could only have 

been effected through the agency of ice. 
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Near the village of Bhopoli there is seen tire commencement of another bordering strip, 

TileMrs between Bhopoli which is traceable in the bed and neighbourhood of the Banki 
and Bisrampur. river; thence to Bisrampur it is covered and obscured by alluvium ; 

but sufficient is seen to enable two branches of 'fillcltfrs to he traced with approximate 

accuracy, one extending southwards to the Main pat, where it is covered by the upper sand¬ 

stones which underlie the trap, and the other westwards to the Pilka hills, under the sand¬ 

stones forming which it also disappears. 

The first of these branches is between seventeen and eighteen miles long, with an. 

, . average of about three miles in width. On the east the boundary 
Eastern branch. n - 

is throughout, natural, but the western boundary is in part faulted, 

with an inconsiderable throw, against the metamorphics. 

The best section of the rocks in this strip is exposed in the bed of the Goinghatta, 

ti(m between the villages of Pari and Libra, where sandstones, pebble 

and boulder bods, and needle shales, all of typical appearance and 

lithological character, are seen. 

In several of the reaches a peculiar effect is produced by the gneiss boulders, which 

have been washed out of the boulder bed, and are scattered about on the surface, as though 

they had been only just dropped from floating ice. One boulder, still in situ in the bed, 

gave the following dimensions 7' 4" X 6' 8" x 2—97 cubic feet, and I observed several others 

which could not he measured, which were still larger. Further south in the valley of the 

Barnai, where the strip is bounded by two ridges of gneiss hills, the boulder bed, shales and 

sandstones, all occur, hut no clear', consecutive section is exposed. 

The Talchirs which stretch westwards from Bisrampur to the Pilka hills, are faulted 

, , against the metamorphie rocks along the southern boundary 

The line of junction between them and the Barakars on the north, 

is completely hidden by alluvium, but the probabilities are in favor of its also being faulted, 

as west of the hill its continuation certainly is so. 

The Talchirs disappearing under the grits and sandstones of the Pilka hill, re-appear 

on the western side much increased in their lateral dimensions; this is due partly to the origi¬ 

nal divergence of the boundaries, and partly to the effects of a cross-fault, the position of 

which is marked by a ridge of fault-rock at the south-west corner of the hills, and by the 

effects produced by it in the Rrimpur coal-measure area, of which more hereafter. 

Between the hills and the Rehr an irregularly shaped area of quartzites cuts the Talchirs 

Quartzites ’n fwo parts, running up to both boundaries and being faulted 

against the Barakars. Resting on these quartzites, are three 

small patches of Talchirs, remnants of the rocks which at one time spread all over them. 

An isolated outcrop of these quartzites is exposed in the Goinghatta section, iu which, as well 

as in the Rehr and its tributaries, Talchirs are seen in many broken and detached sections. 

The further extension of the southern fault, westwards from the point where it crosses 

PaMrbulld the -^e^r’ is n°t present known. The Talchirs continue to border 
the coal measures to within a mile and a half of Paharbulla, 

where the latter terminate. At Paharbulla the extension of the Talchirs in a southerly direc¬ 

tion is limited by a considerable group of quartzite and slate hills, which will probably prove 

to be bounded on the south by the above-mentioned fault, whose western extension has not 

been yet traced out. 

As stated above, the Talchirs extend far to the west of the Rehr, underlying one or 

more distinct areas of coal measures. The present account is 

Trilclurs west of Rehr. limited to that portion of them bordering the coal-field and east 

of the Rehr. 
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Section in the Kehr. 

Gobri sections. 

The boundary between the Barakars and Takhirs is pretty well seen in the Behr north 

of the village of Pundih ; but in the surrounding country the 

rocks are completely obscured by alluvium, and I have been 

compelled to draw the boundary straight from point to point. It is probably somewhat less 

regular than is represented. 

Proceeding northwards from this junction down the bed of the Behr, there are greenish 

and yellow sandstones with some shales and flaggy beds, which are chiefly exposed at the 

salient points in the bed of the river. 

East of Sarnia 'there are some rather coarse sandstones, not altogether like Takhirs, but 

, , apparently geologically inseparable from other more typical rocks 
Sandstones what? . V 

of that senes. A short distance beyond, a nose of submetamor- 

phic-looldng quartzites and hornblendics strikes into the river. Prom the mouth of the 

Jumarpara stream northwards for about three miles no Takhirs are seen in the Behr, the rocks 

exposed being for the first mile hornblendics and slaty quartzites, with a west-north-west, 

east-south-east strike, changing to east and west. Nearly due west of Khopa V. S., coarse 

granites come in and continue up to and beyond Khopa. 

The Takhir boundary leaving the Behr close to the mouth of the Jumarpara stream 

strikes north-eastwards, passing round the village of Nouapara. 

In the streams north and south of Karonji the rocks are much covered; but where 

exposed, except at one spot below the village, they are clearly Takhirs. At that point there 

are some coarse sandstones, which I could not, as in the previous case, satisfactorily separate. 

In the Gobri river and its various tributaries which traverse the country between 

Chungari and Datrna the boundaries between the Takhirs and 

Barakars are very obscure. This is owing partly to the imper¬ 

fections of the sections, partly to the presence of rocks of indefinite character, colored like 

Takhirs, but lithologically resembling Barakars. 

There is an inlier of Barakars south of Dliora whose boundaries can only be approxi¬ 

mately represented. A reference to the map will explain the position better than any 

description. 

North and north-west from Nouapara the Takhir and metamorphic boundary runs with 

the Gobri, where it is very irregular and intricate. The river exposes granitic gneiss and 

Talchir rocks alternately. West-north-west of Kurkali, a belt of Talohirs, half a mile wide, 

occupies the low ground below Kaskela, and is seen in contact with the edges of the gneiss 

under the east bank of the Behr. 

Leaving the Gobri the boundary bends round Agina and Salka. At the latter place 

there is a remarkably fine boulder bed. The large masses of 

gneiss which have been washed out of it, when seen from a short 

Boulder beds. distance, look like rock in situ. A mile north of Kotia the 

Talchirs are cut off by tbe fault which bounds the field. 

A few small outlying patches of Takhirs occur in the metamorphic area which inter¬ 

venes between the north-west comer of the Bisrampur field and 
Outljing patches. ppe eastern extremity of the Jhilmilli coal-measure area. 

III.—Dami3da Series. 

EardJcar Grotty. 

Before proceeding to the description of the rocks exposed in the river sections, it will 

be well to say a few words on the localities where the rocks appear 
Itocks m high ground. high ground uncovered by alluvium. For the most part 

the rocks so exposed consist of coarse grits, and pebble beds which form bossy mounds or 

small hills. 
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A few very striking instances occur, where the hidden boundary of the Barakars is 

Boundary of Barakars sharply defined either by the character of the jungle growing 
marked by vegetation. above, or by the undulating or sloping character of the surface, as 

compared with that of the ground, where the underlying rocks are Talchirs or metamorphics. 

At the north-east corner of the field close to Mukanpur there are some small mounds 

„ . of a coarse grit, which are separated from the gneiss by a run of 

fault-rock. In the country to south-west bending to south 

as far as Chanchi, there is high ground, some of the hills, as the Bal H. S., rising 

100 feet above the plain. The rocks are coarse sandstones and grits, with bands of pebbles, 

which are sometimes of considerable size and little water-worn. 

Punri hills of pebbly grit. 

In the neighbourhood of Koilari there are coarse grits near the surface, most of them 

excessively ferruginous. 

At Bardba there are mounds of whitish grit sandstones. 

Close to Pundih (or Punri) there are several small hills, the highest of which is 200 feet 

above the plain. The principal rock forming them is an open- 

textured grit with pebbles, which I was at first disposed to regard 

as belonging to the upper group, as it presented the very strongest- resemblance to tbe rocks 

of the Pilka bill. However, with the general resemblance which exists between the Barakars 

and rocks of the upper group, it is, in the absence of any well marked geological features, 

almost impossible to attempt the separation of such isolated patches. South of the hill there 

is a run of fault-rock, which marks the continuation of the bound- 

Fiullt' ing fault of the north-west corner of the field. So far as I could 

see. its throw must he inconsiderable. I am the more inclined to regard the Punri rooks as 

Barakars, in consequence of the range near Bhatgaon, which is at the same level, being 

formed of rocks exactly similar to the grits and pebble-beds on the east of the field, north 

of Chanchi. Towards the south and south-west of the field, as at Sidma, Bisrampur, Karwa, 

and Jamnagar the coal-measure rocks are completely concealed by alluvium. 

In describing the river sections, I shall begin with the Mahan, and then take up the 

tributaries successively from east to west. 

Mahan River Section.—The first Barakars exposed in the Mahan section* are seen near 

the village of Barbaspur, where, as already stated on a previous page, they are faulted 

against Talchirs. South of the river Barakars occur outside the fault; possibly some of the 

sandstones seen in the river too, should be so grouped, but at the fault there is a greenish 

sandstone which is certainly Talcliir. 

On the west of the fault there is a small seam of carbonaceous 

Seam' shales with irregular coaly layers. 

From this down to the mouth of the Dekia stream the section exposes sandstones with 

some carbonaceous shales; but even of the latter, at the point west of Bedrf where coal is 

marked on the published map, there is not a trace of shales, much less any sign of coal. Here 

as well as at several other points to he noticed in due course, the Topographical Survey 

must have marked coal from seeing drifted pieces lying at those points and not seams in situ. 

Opposite the mouth of the Dekia stream there is a seam, of which 4 feet, consisting of 

coal and carbonaceous shale, is exposed. The eoal is of inferior 

Seam' quality, hut burnable. The base of the seam is quite concealed by 

sand and water; possibly there may he a better quality of coal below. 

* Disregarding for the present the probable occurrence of Bardkars in higher reaches of the river outside tbe 

limits of the Bisrampur coal-tieid. 
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Higher in the section there is a considerable seam, which is exposed along the northern 

bank. The clearest view of it is to be obtained in the next 
Seam. , 

reach. 

The actual base is concealed, and the top much weathered and covered by surface debris. 

Section ascending. Dip variable (rolling). 

1. Shales 

2. Coal 5|" 

3. Concretionary shale 8" 

4. Flaky coal ... 2' 

5. Concretionary shale 10" 

6. Same as No. 4; portions more coaly; contains much iron, about ... 2' 8" 

7. Concretionary shales ... 2' 3" 

8. Hard hand of strong coal ... ... 5' 

9. Same as No. 6 ... 2' 

10. Hidden, about ... 4' 

11. Concretionary shales 8" 

12. Flaky coaly shale ... 1' 

13. Concretionary shale ... 3' 2" 

14. Similar to No. 8, perhaps a little better 21 3" 

15. Coaly shale :> 16. Concretionary shale . 

17. Coal, fair ... 4' 8" 

18. Concretionary shale ... 1' 6" 

19. Coal 2" 

20. Indistinct concretionary shales alternating with flaky coaly layers ... 12' 

Though this seam, as at present exposed, does not give promise of any considerable supply 

of first rate coal, it undoubtedly contains much of 3rd or 4tli rate quality, which might be 

easily worked. 

Owing to the liorizontality of a portion of this seam, and the various rolling dips of 

other portions, it is impossible to represent its strike and outwop in one. Tire line on the 

map is intended to indicate that the coal is seen throughout the distance marked on the bank 

of the river, rather than to convey any definite idea of strike. 

From this to the mouth of the Patpuria (Dhariu) stream I did not find any coal-seams, 

the coal marked on the Topographical Survey map south of the site of the deserted village of 

Pansidand having no existence. The principal rocks which aro seen are horizontal sand¬ 

stones, some of the individual beds of which are traceable for several miles. 

Seam. 
J ust beyond the Patpuria stream there is a small seam of 

inferior but burnable coal; the section is— 

Sandstone, about 

Coal 

Bluish sandy shales 

Descending. 

. 20' 

. 1' 7" 

. 3' 

After this for about five miles the only rocks seen were sandstones and grits. There is 

no coal in situ at the mouths of either the Ghogor or Bank, as has been indicated on the 

Topographical Survey map. 

At the Kotea and Bhoja road-crossing there is a seam containing about 2' 11” of 

g poor coaly shale. It is seen again in the adjoining stream on the 

east. Where seen in the Mahan it has been let in between sand¬ 

stones by two small faults. The tops of two other seams are exposed in the two next 

^ reaches, at the localities indicated on the map. What the thickness 

and quality of the coal may be which they contain can only be 

determined by excavation. 

There is no coal at either of the localities marked near the mouth of the Galphula. 
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In the long south-to-nortli reach which follows, the lower portion of a seam is exposed, 

paving the bed of the river for about two miles. A clear section 
beam. , t 

oi tlie top or tins seam is exposed near Bhagara. 

Seam—Descending. 

Sandstone, about ... ... ... ... ... ... 12' 

1. Blue shale ... ... ... ... ... ... ? 

2. Coal, portions shaly, but for the most part fair ... ... ... 4' 

3 Blue shale ... ... ... ... ... ... Q" 

4. Coal, fair, upper 3" stony ... ... ... ... * ... i' i" 

6. Shale ... ... ... ... ... ... * ... V 4" 

6. Coal like No 4 ... ... ... ... ... ... 3" 

7. Shale ... ... ... ... ... ... .. 8" 

8. Coal like No. 4 ... ... ... ... ... : ... 3" 

9. Blue shale, about ... ... ... ... ... ... V 8" 

10. Carbonaceous shale ... ... ... ... ... 3" 

11. Coal like No. 4 ... ... ... ... ... ... ? 

12. Shale,—covered. 

Some experiments with No. 4 showed that it does not coke, but retains its shaly shape. 

On roasting, it evolved gas freely in quantity, see p. 39. 

The east-to-west reach beyond this has a deep channel, which retains a considerable 

body of water. This and a dense grass and tree jungle which clothes the sides render it 

almost impossible to keep the river in sight. 

At the bend to the next reach there is a seam which is possibly only another outcrop of 

geam the one just described at Bhagara. However, it contains less coal, 

and the constituent layers of coal and shale do not correspond. 

Section—Descending. 

Felspathic grit sandstone. 

Interval. 

1. Blue shale 

2. Coaly „ 

3. Blue „ 

4. Coaly „ 

5. Coal, fair 

6. Blue shale 

7. Coaly shale 

8. Coarse grey and blue shales ... 

9. Coaly carbonaceous shale 

10. Shale. 

Base covered. 

1' 

V 3" 

V 4" 

4" 

2' 2" 

3' 

V 2" 
2’ 4" 

1' 

From this northwards to its junction with the Banki (Pertabpur) river, the Mahan 

Traj) exposes sandstones at intervals; east of Durti a fine trap dyke 

causes a fall in the river. The strike of this dyke in the bed of 

the river is 15° north of east to 15° south of west. A possible continuation of it is seen 

in the Johoa, six miles to the west; but in the intervening country and also to the east of the 

river I could see no trace of it. 

Beyond the junction with the Banki, under the eastern bank, there is a small seam 

geam which contains some hard coaly shale, hut apparently no coal. 

After this for nearly a mile there are Barakar sandstones ; and then 

no rocks are seen for nearly a mile, the deep channel of the river being filled with water. 

The first rocks exposed are some Talehir boulder beds, which crop out from underneath the 

western bank.* The faulted junction is therefore hidden here, hut is very plain In sections 

both on the east and west. North of. this the Malian does not again traverse Barakar rocks. 

Taking up the tributaries of the Mahan, in regular succession from east to west, the 

first to be noticed is the Dekia. 
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Seam, 

Seam. 

Deiid River Section.—South-west of Markatand a nearly horizontal seam of from 1'6" 

s to 2' of coaly shale and coal crops out at several places. Above it 

are ferruginous pebble beds and concretionary iron bands, the 

former resembling rocks occurring in the upper group, e. </., in the hills near Kussumbi on 

the Ranchi road. 

Gagur River Section.-—Although Barakars occur east of the cross-fault above described, 

the river section of these rocks commences at it. They consist of massive sandstones, which 

are horizontal or only slightly rolling, and are deeply cut by the river. North-west of 

Uduk&tra, a seam of coal is partially exposed on the southern bank 

underlying these sandstones. Apparently the same seam is again 

seen at the loop bend east-north-east of Burka-Dhuria; it there underlies some much 

honey-combed sandstone. The thickness of coal is about 2' 4". 

At the next reach there is another badly seen seam. Throughout 

the remainder of the section up to the Mahan the rocks are all coarse sandstones. 

The small streams flowing into the Gagur on the south were not examined in detail, 

but where crossed, they showed no signs of containing coal. They for the most part are 

at a higher level than the Gagur channel, and have not yet cut down to the coal exposed in it. 

The watershed where they take their rise is the spur of quartzite which penetrates the 

Barakar area, and which has been already referred to. 

Patpuria River Section.—The Patpuria stream rises in the high ground of the 

quartzite spur below Dhuria, where it passes on to the Barakars. The rocks exposed are of 

very peculiar appearance ; they consist of pebblo-beds and coarse conglomerates, which latter 

contain masses of blue quartz, jasper, and jasper breccia, derived from the sub-metamorphics 

in the vicinity. Not far off a large fragment of coal was seen, but no seam from whence it 

could have been derived was discovered. Half a mile from the 

month of this river there is a seam of coal which measures 2' 11 ; 

it underlies massive sandstones, and is not improbably a thickened continuation of the 

seam described in the Mahan section on page 32. 

The stream east of Kliargaona, which joins the Patpuria near its mouth, passes under¬ 

ground for some distance east-north-east of the village. At the 

base of the tunnel a seam of about 1' 0" of poor coal, possibly the 

same as the one in the Mahan and Patpuria, is exposed, My attention was drawn to this 

peculiar tunnel by a flock of blue pigeons suddenly rising out of a hole near the road. This 

hole proved to he an entrance to the cavern, the existence of which I might otherwise not 

have suspected. 

Turret River Section.—The Turra river, as well as its tributary, takes its rise in the ridge 

of metamorphic rocks outside the northorn boundary of the field, and joins the Mahan 

rather more than one mile west-south-west of Kerta. 

A short distance from the mouth there is a seam under a thick bed of sandstones which 

contains about 11" of inferior coal. About half a mile further up 

the stream, there is a flat seam containing coaly and carbonaceous 

shales, the thickness of which is uncertain. The map not being plotted, 1 am unable to 

say to what exact spot the next locality for coal marked on the topographical map may 

refer. Somewhere in that neighbourhood there are traces of carbonaceous shale, hut no coal. 

Like so many others in Sirguja, this river proved very difficult to follow up: throughout long 

reaches the accumulation of the water in the deeply cut Sandstone channel rendered it impos¬ 

sible to wade, and the thickness of the jungle on the ravine-intersected banks made it almost 

equally impossible to keep along the bank in sight of the rooks. 

Seam. 

Seam. 
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Seam. 

The next coal seam exposed is situated slightly south of west of Choura. It is flat, 

and paves the bed of the river; portions are coaly, but the thick- 
Seam. . , , 

ness is not disclosed. 

In the western branch of the Turra called the Gohogor, I saw no traces of coal at the 

junction. But the river has not been examined. 

Sank River Section.—The Bank river rises in the metamorphic hills to the east 

of Bisrampiir, and joins the Mahan north of Bhoja. It first enters the sedimentary rocks 

(Talchirs) near the village of Takia. Thence it proceeds northwards along the eastern 

boundary of the field, bending at one locality into the Barakars, and at another into the 

metamorphics, and for the remainder of its course up to Ghangri, traversing Talchirs. 

In the Bhiti river, which joins it close by, there is a seam of carbonaceous shale which is 

seen at the road-crossing below Bakna. In a stream which joins 

the Bhiti south-east of Balcna, there is another seam containing 

about T 6" inches of coaly shale; tliis is covered by coarse sandstones, the exact position 

of the boundary between which and the slates is hidden. Returning to the Bank, the Tal¬ 

chirs, which occur in the bed of the river north of Ghangri, are gradually covered by pebbly 

Barakar grits. About a mile from the junction, there is a seam 

Seam. containing about 6" of good coal; after this, half a mile further, 

there is a rolling seam which contains 2' 10" of shaly coal; it 

is several times repeated higher up. West-south-west of Abkora, there is a seam which 

is exposed by the deep-cut channel included between massive 

beds of grit. It has a slight inclination to north and a variable 

thickness, the average being about 2' ; it is, like many other of the seams in Sirguja, in all 

probability only a lenticular mass with limited lateral extension. 

For about two miles beyond this only sandstones and grits are exposed. But east of 

Chatasarai there is a seam of shaly coal of which 2' 1" is exposed, 

the base being hidden. The streams which join the Bank in this 

neighbourhood from the east did not, at their mouths and for some distance in, give any 

promise of coal. At the point where the Partabpur and Bisrampiir road crosses the Bank 

there is a seam, with a slight dip to the south-east, which contains 

about 8' of poor flaky coal and carbonaceous shale exposed, the 

base being hidden. In a stream which joins the Bank north of Raima, there is a seam 

containing somewhat similar shales. Nearly north-west of the 

deserted village of Chora, there is another seam with the same 

constituents; of this 2' &' only is exposed. 

For about two and a half miles more the river runs along through a gorge cut in q. p. 

horizontal beds of massive sandstones and pebbly grits. Nearly 
Seam. . . . . 

due east oi Bboja there is a seam oi coal dipping 5 to north, m 

which there is about 1' 8" of coal exposed. 

The remaining tjvo miles or so of the Bank, up to its junction with the Malian, I was 

prevented from examining by an attack of fever. 

Rioted River Section.—In the stream which joins the Mahan south of Kotea, the rocks 

are much covered, especially near Gourd. East of Kotea, there are sandstones ; and close 

to the mouth there is a section of the seam which is seen in the Mahan, vide p. 32. 

Gatphvld River Section.—In the loop-bend of the Galphiila near Bilaro there is a 

^ _ seam containing some coal, about 8'; of which is seen. In an 

adjoining stream the whole seam, measuring about T, is exposed, 

in which there are seen to be coaly layers mixed np with carbonaceous shales. I do not 

Seam, 
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think there is any promise of good coal being found in workable quantity. This seam has 

a more decided dip to the north-east than is common, the rocks being for the most part 

geam horizontal. Coal was met with south of the deserted village of 

Jhapra. The seam consists of carbonaceous shales, with thin 

layers of coal, one near the base measuring 6” ; the dip is 10° to south-east. 

The same seam is better seen in the Baheradol branch of the river; it is here seen to 

be of considerable size, and contains about 6| feet of fair coal. 

Some of the accompanying shales contain Glossopleris and other 

plant fossils. 

There are several other seams containing carbonaceous shale, with portions coaly. One is 

situated west of Jhapra and another west of Bhoja; the character 

of the latter hardly justifies the insertion of coal on the Topo¬ 

graphical Survey maps. 

Jhampi River Section.—In the Jhampi from Doin to its junction with the Mahan I 

„ only met with one seam of carbonaceous shale associated with 
Seam. J r .ii . ,. 

the Barakar sandstones. Some fragments of coal, however, indi¬ 

cated the presence of a seam in the area drained by the numerous small tributaries. 

Chengodri River Section.—Prom the character of this river and its banks it was 

geam absolutely impossible to follow it up closely. The only seam I 

met with, was one containing 1' 1" of coal which is situated at the 

junction with the Jhampi. 

Masan river Section.—As indicated on the Topographical Survey map there is coal in the 

Masan north-north-east of Jarhi; the total thickness of the seam is 

about 7', of which 2' is coal. It dips to north-east. From its more 

shaly and generally inferior character, I am inclined to think it is distinct from the seam about 

to be mentioned. This seam runs with the stream for a considerable distance, being last exposed 

about half a mile from the junction with the Mahan; it contains 

from 5 to 6 feet of coal, the upper portion of which is very fair. 

It has an unsteady dip to south-south-west, which never exceeds, and rarely attains 10°. 

This is the most promising seam in this part of the field. 

BanJci (Partabpur) River Section.—The boundary of the coal-field crosses the Banki 

about two miles north-north-west of Bardha. The section clearly shows it to he faulted; 

the edges of the sandstones are presented against the faces of some much tilted and 

disturbed slates and quartzites, the penetration of which by granite-veins and their 

s relations to the granitic gneissose rocks I shall allude to further 

on. At the junction on the western bank of the river a thin 

hand of 7" of coal underlies the topmost sandstone, and is itself underlaid by a greenish 

yellow sandstone, which I at first thought might be Talchir, but subsequently concluded 

to be Barakar. . 
.1 ’ ' 1 

Prom this to the junction with the Mahan there are more or less horizontal sandstones. 

In the Daldali stream, nearly due north of Burdha, there is a seam of coaly and 

’• carbonaceous shale, which with its accompanying sandstones is 

(locally) upheaved to an angle of 45°; from this to the point 

where the stream passes into the Talchirs sandstones only are seen. 

Nalcti River Section.—The Nakti for a portion of its course runs with the faulted 

boundary of the Barakars, crossing and recrossing it frequently. 

The only rocks of this group which it exposes are sandstones. 

I* the Marata branch of the stream there is a small seam of coaly shale of no importance. 

Fossils. 

Seams. 

Seam. 

Seam. 



PART 2.] Ball: Bismmpur Coal-field. 37 

The Barakar faulted boundary leaving the Nakti north of Narkola is traceable south of 

Pakni to Karoti, where it is cut off. In several places along it the sandstones are highly 

indurated. 

R.ehr Bluer Section.—The Rehr river with its tributaries drains the south-western 

portion of the coal-field. 

The bounding fault of the south-west corner of the Barakars of the Bisrampiir area 

crosses the Rehr one mile north-east of Beltikri; the actual junction line is here covered, but 

Barakars and Takhirs are exposed at no great distance on either side. 

In the reach which strikes eastwards from Packira there is a trap dyke, whioh for a 

mile forms the northern bank of the river; at the other end it is 

Trap’ flung by a small cross fault which brings it down to the southern 

bank. Besides this principal dyke there is a second, irregularly parallel to it, which traverses 

the sandstones for a short distance. 

In the next reach there is a coal-seam containing about 18 inches of fair coal. Dip 5° 

to north-east. Further on there is seam which is, I think, distinct 

from the last. It is inaccessible, being under a thick bed of sand¬ 

stone which overhangs a deep pool. It is probably from 1 o"-t 8" thick. Rather less 

than a mile beyond the junction with the Pasang there is a 

seam exposed in the bed of the Rehr, of which the measurable 

thickness is about 3 feet. It has a slight dip, which varies in direction between east and 

north-east. Most of the coal is fair, and a portion excellent. In the bed of the river beyond 

this, blocks of coal of considerable size—from what seam derived is uncertain—are abundant 

and of good quality. They may have been washed out of the seam just mentioned, or carried 

in from some of the seams in the Pasang. Beyond this seam, up to the boundary, the only 

rocks seen are coarse Barakar sandstones. 

Pasang Biver Section.—East of the Silphili Ghat, the section in the Pasang for about 

four miles exposes horizontal sandstones only. The same beds persisting throughout. 

West of the ghat the same sandstones continue for about four miles. In some places 

the river has cut for itself a deep channel. South of the 

deserted village of Kasalgiri there is a seam which at first, from 

the manner of weathering, appears to consist entirely of good coal. On close examination, 

however, more than half proves to be quite useless, and the remainder inferior earthy coal. 

Section— 
1. Carbonaceous shales 

2. Shales with plant fossils ... 

3. Carbonaceous shale, passing into 

4. Earthy coal 

8" 

2" 

V 5" 

2' 

4' 3" 

At the mouth of the Chapar river there is a seam, which, so far as it is exposed, 

consists of slaty carbonaceous shale, with portions coaly. Before 

Four seams. the mouth of the next northern tributary there is an inconsider¬ 

able seam of coaly shale, which has been locally tilted. Imme¬ 

diately after it the top of another seam is seen under water. Before reaching the mouth 

of the Arsotba tributary, the top of another seam, containing about 1 6 of coal, is seen 

at the water’s edge, and underlying the massive sandstone through which the channel is 

cut. This, or a distinct seam, is exposed in the reaches beyond the Arsotka stream; it 

contains 3' of coal and coaly shale, possibly more. 

Prom this up to the rnouth of the Karcka the rocks are covered. But a short distance 

beyond it a seam is imperfectly seen under the southern bank. 

Seam' Possibly a continuation of the same is exposed at the mouth of 
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a stream which joins the Pasang near the Jainnuggur and Kumda road. It there contains 

1' 6" of good coal (vide p. 39j. The top is much weathered, and covered with soil, but 

geam the base is well seen. Another seam is badly exposed west of 

the road, after which up to the junction with the Rehr the only 

l'ocks seen are horizontal sandstones. In the Ivhoa and Gambadia rivers west of Pilka the 

Barakar sections contain grits and sandstones only; the latter are sometimes of a somewhat 

pinkish coloi', as also are some of those in the Pasang associated with the coal. 

Oobri River Section, &c.—The character of the sections in the Gobri, with its tribu¬ 

taries the Damunda, Patpuria, and Ivadaria, can be best gathered from the map. In so far 

as the Barakars are concerned, there are no points of sufficient interest to be made the 

subject of special detail. No traces of coal were met with in any of them. 

IV.—Upper Sandstones (Loweb Mahadeyas ?) 

Within the limits of the Bisrampur coal-measure area, the only locality in which 

sandstones referable to any of the groups higher than the 

Barakars occur, is in the Pilka hills, a remarkable looking cluster 

which stands out isolated in the centre of the Sirglija plains. 

These hills are formed of hard quartzose sandstones, grits and pebble conglomerates, the 

beds of which are horizontal; and the elevation of the top of the 

highest hill above its base, or about 1,000, may therefore be taken 

as giving the total thickness. 

The evidence here afforded of great unconformity between the rocks of this and the 

older fonnations is singularly conclusive. The basal bed of grit 

laps from Barakars across Talckfrs on to inetamorpkics, the 

relations between which had been first established by faults. A doubtful case—not yet fully 

examined--of similar faulting having taken place in the Barakars previous to the deposition 

of the upper sandstones, occurs in the hills to the north-east. 

In the Karanpura field too, a fault has been mapped as running under the Upper 

Panchets. 

In describing these rooks, I follow what appears to be now the accepted belief, viz., that 

the Upper Panchets of the Damuda fields are of Lower Mahadeva age, and the genex-al 

lithological resemblance between the Pilka grits, Ac., and the Upper Panchets, is so strong 

that I think their identity may be safely asserted. 

The only difference that 1 could detect between the pebbly beds of Pilka, and those of 

Panchet and Lugfi* was that the former are somewhat less ferruginous, in which respect 

they resemble the Rajmahdl grits, which appear to be also referable to Mahadeva age. 

On the level top of the hill there is a little soil, but no ti-ace of either laterite or trap. 

Judging from the similar hills and the plateaus, both to the north 

and south, trap in all probability at one time did also exist here. 

Pilka hills. 

Thickness. 

Unconformity. 

No laterite or trap. 

Tbap Dykes. 

In addition to the general horizontality of the beds, and the small throws of the few 

faults in the Bisrampur coal measure area, the scarcity of trap dykes affords evidence that 

the rocks have been subjected to a very small amount of disturbance, as compared to that 

which has affected the more eastern fields. 

One trap dyke is exposed in the Mahan section, two miles east of Durti. A possible 

continuation of it is seen in the Talchirs and metamorpliics, in the 

,MAAn dyke. Jojhoa stream, seven miles to the west, hut no other ti-ace of 

its continuance beyond the bed of the Malian was discovered. 

* Hills situated respectively in the Raniganj and Bok£ro fields. 
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The only other trap dyke is seen in the Rehr section, where it runs for about a mile 

along the northern bank of the river, below Pachira. At the 

east end of the reach it has been flung to south by a small fault. 

Both the above are coarsely crystalline diorites. 

Rehr dyke. 

Building stones. 

Many seams worthless. 

V.—Economic Resoukces. 

With the exception of building stones which are of the usual character found in the 

Barakar and Talclur rocks, the economic resources of the Bisram- 

pur coal-field are limited to coal. 

Prom the imperfection of the sections, and the difficulty of identifying the partially 

exposed coal seams at different localities, any attempt at a tabular statement of the number 

of seams would only tend to exaggerate the importance of a large proportion of them, which, 

while they will in all probability prove to be worthless, cannot 

at present, from the limited data which we possess regarding 

them, he individually asserted to be so. 

It may be regarded as an established fact that good coal does exist in fair abundance, 

„ , , and from the horizontally of the seams, in a suitable condition 
Good coal. . . 

for working. But borings can alone furnish facts sufficiently 

Borings. reliable for estimating the extent and thickness of individual 

seams, and generally the total amount of coal existing in the field. Such borings at a few 

well selected sites, would, in consequence of the undisturbed character of the beds, and 

the comparatively small thickness of the whole formation, give conclusive and exhaustive 

information as to the amount of coal obtainable. 

To prove the individual seams which, as at present exposed, are the most promising, I 

would recommend borings being made on the west bank of the 

Mahan, a mile and a half north of Chendiii; on both banks of 

the Mahdn at Bliagara, and on the southern bank of the Pasang, north of Jaldega; and from 

these points in whatever directions the original results would render it probable that the seams 

extended. 

Points for boring. 

Por proving the total amount of coal throughout the area occupied by the coal measures, 

borings should be made all across it. It is at present hardly necessary, however, to go fur¬ 

ther into the question, as the probability of this hill-surrounded area being ever the seat of 

mining enterprise is so slight that the existence of coal there in whatever quantity can 

hardly be said to have any immediate importance from an economic point of view. 

The coal-fields below the plateau in the Mand valley, ninety miles to the south, are the 

only localities in Western Chota Nagpur which are ever likely to he made use of by any 

railway connecting Calcutta and the Central Provinces. 

The following is the result of the assays of coals from five localities :— 

Coal Seams. Carbon. Volatile. Ash. 

1. Rehr river near Panri ... (water 5o) 577 38-2 4-1 

2. Pasang river, J&inuergur and Kurada road 5G'2 37 68 

3. M£h£n „ Bhagftr# 50‘2 33 16-8 

4. „ „ north of Chendia 485 324 191 

5. M6s£n „ ... (water 4) 455 316 229 
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VI.—Metamorphic Rocks. 

The metamorphic rooks surrounding the Bisrampur coal-field are separable into two 

groups, chiefly by their respective lithological characters. But 

their occurrence here, as well as in other parts of Chota Nagpur, 

is accompanied by certain geological features, which render it probable that they really belong 

to two different periods. 

The types of the former group are coarse granitic gneisses with variable amounts of 

visible foliation. Of the latter the types are slates, quartzites, 

T'pes' and hornblendics. Instances occur however where individual beds, 

lithologically undistinguishable from the latter, are geologically inseparable from beds be¬ 

longing undoubtedly to the former. 

VII.—Granitic Gneiss Sekies. 

The east and west range of hills south of Partabpiir, which bounds the coal-measure 

rocks on the north, consists of coarse granitic gneisses and schists which are exposed in 

section in the Mahan, Banki, and Rehr rivers ; in the Banki section, however, there are also 

some quartzites, to which allusion will be made again further on. 

On the east face of the field, granitic and porphyritie gneisses are again met with near 

Ara, where they occupy a zone about three miles wide. South of 
Trap-Uke hornblenditb. these a peculiar group of trap-like hornblendic rocks form the 

high ground near Parsa. At first I was strongly inclined to believe these to be trappean, 

and only relinquished this opinion on finding traces of foliation in some of the sections 

exposed in the streams on the top of the hill. These rocks continue to the Bank south of 

Sonpur. 

The spurs from the high ground east of Bisrampur are formed of granitic gneisses with 

Spurs. occasional schistose, hornblendic, and quartzose bands. 

South-west of Bisrampur and south of the Pilka hills, there is an area occupied by 

metamorpliics, which consist chiefly of granitic gneisses. These extend southwards to the 

Main pat through Lukanpur. 

On the west of the field the section of the metamorphic rocks in the Rehr commences 

with quartzites of rather uncertain affinities; these are followed 

by granitic rocks, which continue—occasionally including schistose 

or slaty beds—up to Jhilmilli. 

Section in Rehr 

VIII.—Quartzite and Slate Series. 

North of the faulted boundary where it crosses the Banki, there is a thickness of 

several hundred feet of quartzites and slates, which present a 

somewhat very unusual appearance. Granite veins or dykes 

which are ordinarily confined to the gneissose rocks, in this case pass across into the 

quartzites, and appear to have been the cause of the disrupted and tilted condition ot 

the beds. In some cases fragments seem to have been torn off from the main mass and 

are enveloped in the granite. Accompanying this disturbance 

the slates are much hardened, and the faces are lustrous with 

crystals of actinolite. 

On the eastern side of the field, rather more than half the length of the boundary 

runs between Talchirs, quartzites, slates and schists. The extreme irregularity of the surface 

Section in Banki. 

Rocks hardened. 
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of tlie latter at tlie period of the deposition of the Talolnrs is well shown by the broken 

character of the boundaries. In the Gehur and Mahan sections 

iron pyrites. many of the slates abound in iron pyrites, which is generally 

decomposed near the surface and covers the rocks with a copious efflorescence of sulphur. 

I saw no traces of copper, hut from the similarity of the rocks to the copper-bearing beds of 

Singhbhum, it is by no means improbable that it may exist. 

The Gagar river south of Karnji traverses a deep gorge, and gives an admirable section 

of the nearly vertical rocks through which it passes. They consist of slates, indurated 

shales, quartzites and hornblendics, the last mentioned sometimes exhibiting a cannon 

hall structure. 

One slightly calcareous slate contained a few striated moulds, or impressions of apparently 

organic objects, but what they could have been has not been 
Organic impressions ? •, . . , 

determined. 

A steady strike to nearly west-north-west east-south-east prevails in these rocks. Where 

not vertical, the dip is to south-south-west at a high angle. 

Near the village of Kuthwan, interbedded with quartzites, &c., there is a conglomerate 

formed of rounded fragments of quartzite, jasper, &c., hound to¬ 

gether by a very hard quartzose paste. 
Conglomerate. 

A spur of quartzites, &c., penetrates for six miles west of the main boundary at Chanchi 

into the basin. It is not now covered by the sedimentary rocks; indeed south of Daria 

it forms some small hills which rise above the general level. 

In the stream south of Daria, V. S., the conglomerate just mentioned is again seen; 

it is on exactly the same strike as the portion of it which is near Kuthwan, or nine 

miles off. 

At Ara, as already mentioned, the granites come in, cutting off the slates. On or 

I 'mestone about the line of junction, there is a run of limestone, which 

contains crystals of tremolite. 

West of the Pilka hill there are quartzites, which must, I think, he referred to this 

group; and the hills south of Paharbulla consist of rocks of the same character. 

One notable difference I observe between the rocks of this group as seen in Miin- 

blium and Singhbhum and in Sirguja, and that is, that the 

schist™00 °f maenesian varieties of magnesian schist which are common in the former 

and furnish a considerable proportion of the total thickness, are 

nearly altogether absent in the latter. 



43 Records of llie Geological Survey of India. [vol. VI. 

Mineealogical notes on the Gneiss of South Mirzapur and adjoining country, 

by F. II. Mallet, f. g. s., Geological Survey of India, (No. II.) 

Having last season found the limestone of the Bichi nadi* to he a normal dolomite, I 

Limestones collected specimens from various localities this year, in order to 

ascertain how far this character is general in the limestones of 
the gneissose series. On analysis I obtained the following results:— 

I.—Calcite Limestones. 

A. B. C. 
Carb. of lime ... 97-92 83-12 85-92 

„ „ magnesia ... ... 1-47 7-04 8-19 
„ „ iron •38 l-28f ■76 

Insoluble ■80 1016 5-52 

100-57 101-60 100-39 

II.-—Dolomite Limestones. 

D. E. E. 
Carb. of lime ... 67-28 64-68 53-85 

„ „ magnesia ... 30-24 34-14 45-78 
„ „ iron •78 •58 •34 

Insoluble •50 •76 1-00J 

98-80 100-16 100-97 

A is a very coarsely crystalline white limestone, from south of Bilwada on the road from 

Singrauli to Mirzapur; B a dark grey fine-grained crystalline rock, from east of Karami, 

(sheet 18, Kiwa Survey); C is a white and greenish-white, rather fine-grained crystalline 

rock, which occurs in subordinate beds tlmough the dolomite E. It weathers with a smoother 

surface, and is tougher on account of its more compact texture. D is a rather finely crys¬ 

talline, or saccharine, white dolomite, from the banks of the Bekr, south-west of Ekpai; its 

composition corresponds nearly to the formula 2C'aO, CO,2 + MgO, CO.. E is a white 

rather coarsely crystalline rock from north of Pararwa, ha ving the composition 3CaO, C02 

+2MgO, (.'0.2; while F is the white crystalline normal dolomite (CaO, C02 + MgO, C02) 
of the Bichi nadi already referred to. 

It will thus be seen that the limestones vary from pure carbonate of lime to pure dolo¬ 

mite. In some cases, of which C and E are examples, the two rocks are interstratified. 

The above dolomitio limestones are all associated with more or less serpentine; and I think 

it may be assumed that where the latter mineral is present in any quantity, the limestone 

is magnesian. In the only case I have hitherto observed in which serpentine is actually 

interbauded with the limestone the latter is true dolomite. 

In the two patches of gneiss cast of Koclkat (sheet 18) occurring as inliers in the 

Takhirs, limestone is very abundantly met with, the same beds 

being probably repeated by folding, with a general strike of about 

west 30° north. It is a white crystalline rock, varying from a saccharine variety to one 

with cleavage facets of J inch across. The band to east of llaondi contains a very large 

amount of wollastonite. In fact the rock is entirely composed of this mineral in places, 

constituting there a ‘ wollastonite schist,’ which from its greater resistance to atmospheric 

Wollastonite. 

* Vol. V, P. 19. t With traces of manganese. % Chiefly minute scales of mica. 
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influences often stands up above the general surface in a low jagged ridge. The mineral 

has a greyish-white color and bright pearly lustre, and the approximate parallelism of the 

principal cleavage faces gives the rock a somewhat fissile structure. Tremolite is very 

abundant in the limestone of the Bichi nadi ;* but the above is the first instance I have met 

with of the occurrence of wollastonite. 

My work brought me again this year to the corundum quarries between Pipra and 

Kadopani, which I examined closely. The thickness of the bed 

cannot be determined with any degree of accuracy from the 

amount of debris lying about; but as a rough guess I thought I was more below than above 

the mark in estimating it at 30 yards at the quarries where it appears to be thickest, and it 

may be considerably more. The ground is too obscure for one to say with certainty that 

the above includes no subordinate layers of other rocks, but I observed no indication of such, 

and for anything I saw for the contrary, the bed may be a solid mass of corundum. It runs 

about east-north-east, west-south-west, the bedding being vertical or at a high angle. The 

section previously givenf is only true for the spot where it was made, for some of the 

associated beds die out rapidly. At the west end of the long low hillock which marks the 

position of the mineral, porphyritic gneiss and white quartz-schist are seen within 10 yards 

of each other with corundum in the space between. Prom this to the Behr, some 300 yards, 

is obscured by clay, and no trace of the corundum is to be found in the river. East of the 

quarries again, the bed can only be followed for a short distance, the entire length visible 

from west to east being, as laid down on the map, about half a mile. 

The corundum, where weathered, much resembles fine-grained hornblende-rock in a similar 

state, and might be easily overlooked. Its intense hardness is well shown by the way in 

which hammers which may have stood years of ordinary geological work are in a few 

minutes split and pounded out of shape on it. It seems strange that it should not form a 

more prominent physical feature. Pluvial mechanical erosion would apparently act very 

slowly indeed on it, in comparison with the softer rocks on cither side, and the absence of 

secondary minerals in considerable quantity does not point to important chemical alteration. 

Probably its weak point is the irregular jointing Ity which it is intersected. 

The quarrymen are, I was told, paid at the rate of one rupee per 31J kacha mands 

raised, hut the mineral is only worked now and then when a quantity is ordered by tbe 

mabajans who deal in it. Before commencing operations a kid is sacrificed to Devi, to insure 

good fortune, and protection from accident; fires are lighted against the large masses into 

which tbe corundum is divided by jointing, and when they have been rendered somewhat 

more brittle by this means, they are gradually smashed by heaving other pieces at them. 

Considering the thickness and length of the bed, it is clear that the supply may he consi¬ 

dered inexhaustible. 

I have described the minerals which arc associated with the corundum in my previous 

note. The only additional species I have observed this year is kyanite, which occurs in a 

radiating aggregate of a reddish color. It is a mineral, which as a simple silicate of aluminaj 

is a natural associate for corundum, and has been similarly met with elsewbere. There are 

also small bladed crystals with a bright pearly lustre, much like diaspora, but their small size 

and the impossibility of detaching them makes their examination difficult. They may be 

kyanite. 

Beds of magnetite interlaminated with granular silicious layers are met with not un- 

frequently, more noticeably in the crystalline inliers near Koelkat, 
Magnetite. ajg0 near (jairar and south of Kadopani. None of these, however, 

are as rich in iron as the magnetic band at Korche in Mirzapur.J Magnetic sand very 

* Vol. v, P. 20. t Vol. v, P. 20. t Vol. V, P. 22. 
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frequently accompanies other arenaceous materials in the beds of watercourses, n some cases 

probably in sufficient abundance to repay collection by the native iron-smelters. The differ¬ 

ence in specific gravity causes a natural separation of the ferruginous and silicious grains, 

so that the former could be collected with only a moderate percentage of foreign matter, 

which could he almost wholly eliminated by washing. As far as I am aware however, no 

attempt is made to utilize this rich detrital ore, while a few miles to the north, the vastly 

inferior ferruginous beds of the Barakar sandstones are laid under contribution. 

ERRATA IN PREVIOUS NOTE, (Vol. V, page 18). 

Page 18, line 8, from bottom, for Hiematite read 

99 20, 99 3, 99 say 99 

99 99 99 12, 99 chrysolite 99 

99 9-9 99 5, from bottom, 99 and 99 

99 21, 99 21, 99 or in any 99 

99 22, 99 4, 99 starry 99 

99 99 99 5, 99 falls 99 

99 99 99 11, 99 white 99 

Tremolite. 

vary, 

chrysotile. 

to finely, 

or any. 

strong, 

fuses, 

rutile. 

DONATIONS TO THE MUSEUM. 

January 23rd.—Colonel J. Stevenson, Deputy Commissioner of Akyab.—An ancient 

stone implement of Akyab district. 

February 26th.—P. R. Mallet.—A specimen of arsenious acid from Orissa, (artificial). 

„ 28th.—-Major Montgomeeie.—A few nummulitic fossils from north-east of 

Lassa, Thibet. 

March 31st.—II. Woodward, Esq., f. a. s.—Two casts (upper and under surface) of 

Eophrynus (Curcrdioides) Prestvicii from coal-measures clay iron 

stone, Dudley, (Geol. Mag., 1871, Vol. VIII, pi. XI). 

ACCESSIONS TO THE LIBRARY. 

Fbom 1st January to 31st March 1873. 

Titles of Doolcs. Donors. 

Bell, J., Lowshian.—Chemical phenomena of iron smelting, (1872), 8vo., London. 

Beezina, Aeistides.—Entwiekelung der Hauptsatze der Krystallographie und Krystall- 

physik, (1872), 8vo., Wien. 
The Vienna Institute. 

Bkown, Richard.—The coal-fields and coal trade of the Island of Cape Breton, (1871), 

8vo., London. 

Fratjenfeld, G. R. Von.—Die Grundlagen des Vogelschutzgesetzes, (1871), 8vo., Wien. 

Giordano, F,—Esame Geologico della Catena Alpina del san Gottardo, (1872), 4to., Firenze. 

The Author. 

Kunstleb, Gustav.—Die unseren Knlturpfianzen Schfidlichen Insekten, (1871), 8vo., Wien. 

Nicholson, FI. Alleyne.—Monograph of the British Graptolitid®, Part I, (1872), 8vo., 

London. 
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Titles of Books. Donors. 

Nowicki, De. Max.—Ueber die Weizenverwiisterin Chloropstieniopus Meig., (1871), 8vo., 

Wien. 

Scheauf, De.—Ueber die Kupferlasur von Nertschinsk nach Handstiicken des k. k. Mine- 

ralogisehen Museums, (1871), 8vo., Wien. 

The Vienna Institute. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. IV, No. 24, Vol. X, No. 25, 

(1872-73), 8vo., New Haven. 

Annales des Mines, 7th. Ser., Vol. II, liv. 4, (1872), 8vo., Paris. 

L’Administe. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. X, Nos. 57, 58, and 60-62, (1872), 

8vo., London. 

Blochmann, H.—Bibliotheca Indica, New Series, No. 264, Ain-i-Akbari, Fase. XV, (1872), 

4to., Calcutta. 

Government of India. 

Geological Magazine, Vols. IX, No. 12, and X, Nos. 1, 2, (1872-73), 8vo., London. 

Geological Survey of Canada. Report of Progress for 1870-71, (1S72), 8vo,, Ottawa. 

The Survey. 

Hanley, Sylvanus, and Theobald, Wm.—Conchologia Indica, PartV, (1872), 4.to., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, IV, Nos. 5 to 7, 

(1872), 4to., Bombay. 
Government of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. XLIV, Nos. 295 & 296, Vol. XLV, Nos. 297 & 298, 

(1872-73), 8vo., London. 

Neues Jahrbuch fur Mineralogie, Geologic, und Paheontologie, Jahrgang, 1872, heft 7-9, 

(1872), 8vo., Stuttgart.' 

Peteemann, De. A.—Geographisehe Mittheilungen, Band XVIII, Nos. 11 and 12, (1872), 

4to., Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. II, No. 7, (1873), 8vo., 

Roorkee. 

Thomason College, Roorkee. 

The Roorkee Treatise on Civil Engineering in India, Vol. I, (1873), 8vo., Roorkee. 

Thomason College, Rooekee. 

The Zoological Record for 1870, Vol. VII, (1871), 8vo., London. 

Tschekmak, Gustav.—Mineralogische Mittheilungen, Jahrg. 1871, heft 1-—2, Jahrg., 1872, 

heft 1—3, (1871-72), 8vo„ Wien. 

The Vienna Institute. 

GOVERNMENT SELECTIONS, &c. 

Bengal. Report on the Administration of Bengal for the year 1871-72, with map of 

Bengal in case, (1872), 8vo., Calcutta. 

Government of Bengal. 

British Buema.—British Burma, General Department (Miscellaneous). Administration 

Report for 1871-72, (1873), 8vo., Rangoon. 

Chief Commissioner, British Burma. 
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Titles of Books. 

Coorg.—Report on the Administration of Coorg for 

Bangalore. 

Donors. 

the year 1871-72, (1873), 8vo., 

Government of Coorg. 

India.—List of Officers in the Survey and Forest Departments and in Port Blair on the 

1st October 1872, (1873), Use., Calcutta. 

Government of India. 

Montgomerie, T. G.—General Report on the Operations of the Great Trigono¬ 

metrical Survey of India during 1871-72, (1872), Use., Dehra 
Doon. 

Dept. Ageic., Ret., and Commerce. 

Selections from the Records of the Government of India, Foreign Department, 

No. 101. Report on the various Arab tribes in the neighbour¬ 

hood of Aden, having treaty relations with the Government of 

India, by Major General C. W. Tremenhure, (1872), 8vo., 

Calcutta. 

Government of India. 

Madras.—Report on the Administration of the Madras Presidency duiing 1871-72, (1872), 

8vo., Madras. 
Government of Madras. 

Selections from the Records of the Madras Government, No. XXXII. Papers 

relating to the survey and settlement of the Central and Eastern 

Deltas, and the Upper Talooks of the Godavery District, (1872), 

8vo., Madras. 

Government of Madras. 

Mysore.—Report on the Administration of Mysore for the year 1871-72, (1872), 8vo., 

Bangalore. 

Mysore Government. 

Nortii-Western Provinces.—Report on the Administration of the North-Western Pro¬ 

vinces for 1S71-72, (1873), 8vo., Allahabad. 

Government of N.-W. Provinces. 

TRANSACTIONS, &c. 

Berlin.—Monatsbericht der k. Preuss. Akad. der Wissenschaften zu Berlin, August, (1872), 

8vo., Berlin. 

Roy. Acad, of Science, Berlin. 

Calcutta.—Journal of the Asiatic Society of Bengal, New Ser., Yol. XLI, part I, 

Nos. 3 — 4, (1872), 8vo., Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. X, (1872), & I, (1873), 8vo., 

Calcutta. 

The Society. 

Cambridge Mass.—Bulletin of the Museum of Comparative Zoology at Harvard College, 

Cambridge Mass, Vol. Ill, No. I. Report on the Brachiopoda, 

by W. II. Dali, (1871), 8vo., Cambridge Mass. 

Museum, Comp. Zoology. 
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Titles of Books. Donors. 

Florence.—Bollettino E. Comitato Geologico d’ Italia, Nos. 11—12, (1872), 8vo., Florence. 

Geol. Society op Italy. 

„ Memorie per service alia deserizione della carta Geologica d’ Italia, Vol. II, 

part 1, (1873), 4to,, Florence. 

Geol. Society of Italy. 

Lausanne.—Bulletin de la Soeiete Vandoise des Sciences Naturelles, 2nd Ser., Yol. XI, 

No. 68, (1873), 8vo., Lausanne. 

The Society. 

London.—British Museum. AValker, F.—Catalogue of the specimens of Hemiptera 

Ileteroptera in the collection of the British Museum, part V, 

(1872), 8vo., London. 

British Museum. 

British Museum. Gray, John Edward.—Catalogue of Shield Eeptiles in the 

collection of the British Museum, part II. Emydosaurians, 

Khynchocephalia a.nd Amphisbanians, (1872), 4to., London. 

British Museum. 

British Museum. Gray, John Edward.—Appendix to the Catalogue of Shield 

Eeptiles in the collection of the British Museum, part I, 

Testudinata (Tortoises), (1872), 4to., London. 

British Museum. 

Transactions of the International Congress of Prsehistoric Archaeology, (1869), 

8vo., London. 

E. Bruce Foote, Esq. 

Salem.—Proceedings and communications of the Essex Institute, Vol. YI, part 3, 

(1868—71), 8vo., Salem. 

Essex Institute. 

Washington.—Annual Eeport of the Board of Eegents of the Smithsonian Institute for 

1870, (1871), 8vo., Washington. 

Smithsonian Institute. 

„ Eeport of the Commissioners of Agriculture for 1870 & 1871, (1871 & 

1872), 8vo., Washington. 

Dept. Agric., U. S. America. 

Wien.—Verhandlungen der k. k. Zoologischen, Botanischen Gesellschaft in Wien, Band 

XXI, (1871), 8vo„ Wien. 
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Notes on a Celt found by Mb. Hacket in the ossiferous deposits of the Narbada 

Valley (Pliocene of Falconer) : on the age of the deposits, by Mr. H. B. Medlicott ; 

on the associated shells, by Mr. W. Theobald. 

The eelt is formed of Vindhyan quartzite, such as might he procured at any point along 

the northern edge of the valley; it is of the pointed oval shape, 5" x 3"f, of very symme¬ 

trical outline (see figure); and, although rather roughly chipped on the faces, it is unques¬ 

tionably a manufactured article. Mr. Hacket dug it out himself from where he found it 

lying flat, and two-thirds buried, in a steep face of the stiff, reddish, mottled, uustratified clay, 

about six feet above low water level, and about three feet below the upper surface of the 

clay, upon which there rested about twenty feet of the gravel with bones. Prom the odge of 

the cliff of gravel, there is a steep slope passing up through the ravine ground, so common 

along the border of the main river channels, to the general level of the plains, at 90 to 100 

feet above the level of the Narbada. The locality is on the left bank of the Narbada, near 

the village of Bhutra, eight miles due north of Gadarwara. 

The age of the ossiferous deposits.—In bringing forward an authentic specimen of 

human manufacture from the ossiferous deposits of the Narbada valley, some expression of 

opinion will be expected from geologists in India regarding the age of those well-known beds; 

the more so because a name has been already applied to them by a high authority, implying 

an age very much more remote than that of any human remains as yet found in other coun¬ 

tries. In all questions relating to the determination of vertebrate fossils, Dr. Falconer s 

judgment carries great weight. In India he has not as yet had a competitor in this line of 

research ; and even in Europe he took a leading part in the same studies, connected with the 

inquiry into the antiquity of man. He determined a number of fossil bones from the Nar¬ 

bada deposits, and invariably spoke of them as pliocene. 

In 1868, the Superintendent of the Geological Survey described in those Records (Vol. I, 

p. 66,) an agate flake, or knife, found by Mr. Wynne in the ossiferous clays of the Godavari 

valley, which he affiliated to like deposits in other parts of India. Iu this connection Fal¬ 

coner’s views were quoted at length by Dr. Oldham in a tone of high approval, without any 

expression of dissent or of question as to the matter of age ; and thus at least a tacit assent 

and a fresh lease pf life was given to the opinion that these deposits belong to the pliocene 

age of geologists, the name being used by both authors in the confident expectation that 

these deposits would yield evidence of man’s existence. I do not pretend that the question 

of age can he finally settled now ; hut it is important to point out that the opinion quoted is 

not well founded. 
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For those who are not posted up in such matters, it is well to point out the considerable 

historical license that is taken in this application of the name pliocene. In the accepted 

geological nomenclature the tertiary formations end with the newer pliocene. Although the 

post-tertiary period is as nothing compared with the preceding geological ages, it still 

represents a great lapse of time, for an estimate of which we are entirely dependent upon 

geological evidence. After passing the recent, or prehistoric, period, in which all the animals 

are of existing species, we get into the post-pliocene, or pleistocene, period, in which a 

variable proportion of the mammalian remains are of extinct species ; and according to the 

distribution of these extinct mammalia, the deposits are arranged into late, middle, and early 

pleistocene. Nearly all the old river-gravels and cave-deposits with the human remains, 

about which so much has been published in the last, few years, belong to the late pleistocene, 

or, as it is sometimes called, the quaternary period ; this name being sometimes also used as 

equivalent to the whole pleistocene, and preferably so in my opinion, as distinctly marking 

its post-tertiary date. Thus it may be said roughly that the oldest human remains in Europe 

only take us about half-way hack in that post-tertiary time. Almost, the whole of the 

glacial period,—during which England was in great part submerged, and the glaciers of the 

Alps filled the great valley of Switzerland to high up on the flanks of the Jura,—intervenes 

between those ossiferous valley-gravels and the newer pliocene, or even the early pleistocene. 

Some supposed evidence of human remains has been brought forward from pliocene strata in 

England, and even from miocene beds in France, in the form of perforated shells, scratched 

and split hones, and very rudely-chipped stones ; but the correctness of these interpretations 

has been denied by competent and quite unprejudiced judges.* It may, therefore, he said 

that from the stand-point of existing information, the genuineness of human remains from 

pliocene strata, or the true pliocene age of strata containing human remains, would call for 

particular proof; or, not to disguise the point, supposing (as seems almost probable) man to 

be an exalted chimpanzee, it is quite an open question whether the change may not have 

occurred in post-tertiary times—so little positive is still our knowledge of geologic time 

and of the method of organic evolution. 

Even some geologists seem to need to ho reminded that the tertiary period and its 

sub-divisions are based upon tlie tcstaeea only, upon the proportion of living to extinct 

species of fossil shells, not of fossil remains in general. The fitness of this limitation was 

guaranteed in the first instance by the judgment of its distinguished author; and it has 

been justified by the universal adoption of the classification based upon it. It is with no 

small astonishment, therefore, that we hear of the grounds given by Falconer for calling the 

older deposits of the Indian rivers pliocene. After telling us (Pal. Mem., Vol. II, p. 644), 

on the authority of the Geological Survey, that the shells are all of existing forms, although 

in somewhat, different proportions to those now inhabiting the Narbada valley, he adds:— 

“ In designating the formation as pliocene, which I have done during many years, I have 

been guided by the indications of the mammalian fauna, as intermediate between the 

miocene of the Irrawadi, Perim Island, and the Sivalik hills, and that of the existing 

period.” That is, he takes upon himself to use the word pliocene in a sense quite foreign 

to that in universal use. The dilfetence noticed here in the relative strength of the molluscan 

species in the living and the fossil stages is nothing like so great as that in the post-pliocene 

deposits of Europe. For the living relations of some of the species, even in the late pleisto¬ 

cene deposits of England, one has to go to the Mediterranean or to sub-arctic waters. The 

whole ground of Falconer’s position is placed upon the mammalian fauna. The act is thus 

either a deliberate attempt to revolutionise the meaning of part of our best established 

geological nomenclature, or else the word pliocene is applied in a more abstract sense, im- 

Opinion may be reserved at present upon the miocene age of Mr. Calvert’s fossil drawings. 
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plying that these deposits in India belong to the age of the pliocene of Europe. Falconer 

cannot be acquitted of the grave error involved in the former position; and one scarcely 

knows whether the error is aggravated or palliated by the fact that his judgment was here 

influenced by his temper. It is painfully evident in his later writings that he took a pleasure 

in ignoring and crossing the authority of Sir Charles Lyell. It was not only to Indian 

deposits that Falconer applied his independent criterion of classification: upon the evidence 

of the fossil mammalia he designated the well-known pro-glacial forest-bed of Norfolk 

as pliocene, in defiance of established usage (loc. cit., Yol. II, pp. 190, 586). One need hardly 

say that his attempt has been by common consent ignored. In a very recent note upon 

tbe classification of the pleistocene deposits, Dr. Boyd Dawkins points out the very marked 

difference even of the mammalia of the forest-bed from that of the pliocene (Am. Jour., 

April 1873). 

The hint thus given to geologists in India is a very strong one ; and the matter would 

scarcely have been worth notice hut for the apparent sanction recently given to Falconer’s 

words. We are in a manner bound to reject Falconer’s criterion as such; and it only 

remains to he seen whether in some non-regulation sense the Narbada deposits, and with 

them the old alluvium of the Gangetic plains, can be of pliocene ago. It is of course 

conceivable, albeit in contravention of the harmonics of nature so far as known, that the 

mammalian fauna might he very strongly in favor of the position taken up by Falconer. 

Although the fossil shells all belong to species now living in the neighbourhood, the mamma¬ 

lian forms might (at least in argument) be of such antique types as to bear down the 

standard of the shells. Nothing of the kind, however, is the case. Falconer repeatedly 

insists, on the one hand, upon the perfect distinctness of the Narbada fauna from that of 

the Sivaliks, and on the other hand, upon its strong affinity to living forms. He speaks of the 

Narbada fossils as “in time only a little ahead of existing species” (op. cit., Yol. I, p. 21). 

He nowhere says that the Narbada fossils are in auy specific sense pliocene; but only, with¬ 

out any attempt at precision, that he calls the deposits pliocene because the mammalian 

fauna is intermediate between the iniocene of the Sivaliks and that of the existing period. 

It is a great testimony to the authority of Falconer’s name that an innovating opinion, 

without eveu an attempt at defence, should have met with any consideration. I do not, 

indeed, presume that Falconer’s statement of ago has ever received much countenance from 

students in Europe or elsewhere; but since an apparent approval of it has been issued by a 

high authority in India, it is well, on so fitting an occasion as the present, to examine the 

merits of the case. 

As regards fossil man in India, Falconer’s speculations were based a good deal upon 

biological assumption and geological misconceptions. It is not quite certain that d priori 

the oldest marks of intelligence that can be called human are to he looked for, as Falconer 

tells us, “in the great alluvial valleys of tropical or sub tropical rivers.” If the analogy of 

historical times may be taken into account, it would not be under conditions favorable to 

nakedness and laziness that we should expect contrivance to be born. We may indeed 

find the most monstrous form of the ape in the deposits of tropical regions; but it may 

be quite possible we should look for the earliest trace of humanity in the regions now 

most favourable to its development. 

Mixed up with Falconer’s mythical, biological and physieo-geographieal speculation upon 

the cradle of the human race in India, there is frequent very vague mention of geological 

conditions; and here we come upon his weak point. It is an excellent example of a 

confusion very commonly made—showing how a man may be in the first ranks as a 

palaeontologist, and in that sense a geologist, and yet possibly be a very poor geologist 

in the stricter and primary sense of the word. Although Falconer’s clear instinct 
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of observation led him to the broad conclusion that the Sivalik strata were formed of 

debris conveyed through the existing river-channels (op. cit., Yol. I, p. 8), and deposited 

along the base of the mountains, it may almost be said that he never made a geological 

observation in any particular sense of the action. The most amazing instance of this ap¬ 

pears in the explanation ho gives of the absence of lakes along the base of the Himalaya, 

as compared with the Alps. He tells us (op. cit., Yol. II, p. 650,) that for ten or twelve 

years ho puzzled over this problem on the ground; yet he accounts for the absence of lakes 

along the base of the Himalaya by there never having been glaciers to prevent the silting 

up of the basins. The absence of the basins themselves seems never to have occurred 

to him, although all the Himalayan rivers are rock-borne torrents in the region of the 

missing lakes.* 

As more directly bearing upon the point before us, it would seem that, in the absence of 

such conspicuous evidence as the marine boulder-drift of Europe, separating the ossiferous 

valley-deposits from all the tertiary formations. Falconer failed to observe the very marked 

stratigraphical features that do occur. He speaks of there being no break visible in the 

tranquil succession of deposits; that “ the present physical order of things, modified only 

by alterations of level, by npbeavement and depression, could be traced back in an un¬ 

broken1 chain to the ossiferous strata of the valley of the Narbada and of the Sivalik hills” 

( op. cit., Vol. IT, p. 570, and Quar. Jour. Geol. Soc., London, Vol. XXI, 1865, p. 386) ; 

he constantly speaks of the Sivalik hills as “ an upheave! portion of the plains of India.” 

All this is exceedingly inaccurate and misleading. I have added many proofs to at least one 

point of Falconers description, that of the distinct connection of the Sivalik deposits with the 

present local mountain-features; but the most cursory examination reveals to the geologist 

great gaps in the series of deposits. At Hard war, a place well known to Falconer, the 

old alluvial clay of the plains is found resting upon a deeply denuded surface of vertical 

topmost Sivalik strata. The relation is stratigraphieally similar, and probably nearly his¬ 

torically corresponding, to that of Loess of the Rhino to tho Molasse of Switzerland. There 

is full evidence, too, that the glacial period was sensibly felt in these regions: in the Kangra 

valley, where a range of considerable elevation (the Dhaoladhar) occurs close to the edge of 

the low hills, I found unquestionable glacial erratics scattered over a surface of the Sivalik 

formations, at a present elevation of 3,000 feet above the sea (Mem. Geol. Sur., India, 

Vol. Ill, p. 155). I do not doubt that if we could fetch up a meridional slice of the 

Gangotic plains, we should find deposits representing the whole interval indicated; and it 

is not improbable that the series may yet be picked out from outcrops in different parts of 

India. What 1 want to show is that the two terms of the scries we now have hold of—the 

old Gangotic alluvium and the Sivaliks—are very wide apart; and so, that the Sivaliks 

being older pliocene or upper mioecne, the other may be ever so recent. 

If we make any attempt to gauge the age of the old alluvium from the other side, 

we are led pretty much to the same result. All purely geological computations are 

estimates of work done; and we have the immense advantage of knowing that the 

operatives never idle, or never even take rest. Tho final appeal for tho antiquity of the 

human remains in the valley-gravels and cave-deposits of Europe is not to the little-known 

laws and conditions regulating the extinction of species, hut to the mechanical work done 

in altering the features of the country, in excavating wide valleys, or in laying out broad 

plains subsequent to the date o£ those remains. It is quite true that the result here, too, 

is only an approximation within wide limits ; that the independent variables of the problem, 

* It puzzled me to think upon whose observation Sir Charles Lyeil could have adopted such a view as this, 

as stated in his “Antiquity of Man” ( p. 319). The puzzle is now cleared up. If Sir Charles, as Falconer supposed, 

annexed information without acknowledgment, he did not always gain by the transaction. 



part 3.] Medlicoil: Ossiferous deposits of the Narbada valley. 53 

while largely affecting the result, can only be indirectly conjectured. For instance, a change 

of levels would greatly affect the eroding and depositing power of rivers; or a change 

of climate and of rainfall, with perhaps the addition of severe frost, would have a like dis¬ 

turbing effect upon the work done, without our being able to assign the amount of those 

by-gone conditions. But taken all in all, reliable indications, and comparative, if not actual, 

measurement can bo made. 

The Narbada valley, meaning that broad area of the river’s course from where it 

leaves its gorge in the trappean plateau of Mandla near Jabalpur, to where it enters its 

narrow gorge through the Vindhvan quartzites below Hosungabad, is about as unfavorable 

a case as one could select to exhibit symptoms of change. It is a rock-basin, a valley 

excavated chiefly, if not entirely, in crystalline and slaty metamorpbic rocks, between two 

plateaus of little-disturbed sandstone-formations, the Vindhyan on the noi'tb and the 

Mahadeva on the south, and converted into a rock-basin by some oscillation of level. It 

would seem that the change was not rapid enough to produce a lake, for in all the sections 

now exposed coarse gravels occur. As soon as this basin bad received the charge of deposits 

due to this change of level, and supposing no further earth-movement to occur, the change 

of features to what we now find would depend upon the eroding power of the river to 

lower the rim of the rock-basin, and thus gradually to bring under denudation the deposits 

it had so lately laid down. If then we could fix the maximum thickness attained by the 

deposits, and also the rate at which the river can lower its gorge of discharge, we could 

assign something like actual dates for the successive phases both of denudation and of 

deposition, on this supposition of normal conditions, without interference of crust move¬ 

ments or other occasional forces. The process is now going on. The river at least cuts faster 

than pluvial denudation can work in lowering the general surface, for its bed is now 

some 80 to 100 feet below the level of the adjoining plains. There is nothing' to suggest 

that the depth of the valley-deposits ever much exceeded what we now find. The plains 

deposits never extended into the valleys of the Satpura, some of the minor streams from 

which are still accumulating materials upon the deposits of the main valley. There ai-o 

nowhere any signs of high-level deposits, along the borders of the basin, whether remnants 

of a former phase of denudation of the actual valley-formation, or (like the ossiferous gra¬ 

vels of Northern Europe) remnants of deposits formed in a more ancient shallower rock- 

valley. The ossiferous beds of the Narbada seem to be simply a member of the last and 

only valley-deposits, which have now for a long period been undergoing denudation. But 

I know of nothing to suggest that the change from deposition to erosion supervened at a 

time much prior to the ‘recent’ of the geological scale. 

The only debateable stratigraphical point upon which a stand might be made, is 

whether unconformity occurs, indicating a general and possibly a great interruption of 

deposition between the ossiferous beds exposed at or near the present level of the river 

channels and those above them. I have examined many sections with a view to testing this 

supposition, but I have failed to confirm it. One often finds local unconformity—coarse 

gravel upon a weathered surface of stiff clay; but these are no more than must occur in 

the normal process of formation of river deposits; and most frequently it is impossible to 

detect any break in the section. The fossils, moreover, occur largely in the gravels above this 

supposed unconformity, without any sufficient grounds for supposing them to have been 

washed out of the clays. Thus, then, there is nothing like a corresponding amount of 

evidence foi; work dono here since the age of these hones, as there is in Europe for work 

dono since the formation of the ossiferous gravels and cave-deposits ; although the permanent 

staff of operatives is much more powerful in the former case. Every season there occurs in 

the Narbada a rise of from 40 to 70 feet, with a stream of great force. It is, as I have 

said, impossible to make an exact comparison, on account of the undetected influences that 



51 Records of the Geological Surrey of India. [vol. vr. 

may have been at work on either side to aeeelerate or to retard. I only wish to point out 

that there is no presumption, either paleontological or mechanical, that these Narbada deposits 

arc older than the late Pleistocene. 

If we turn to -the great, Gangetic valley, the old alluvium of which Falconer ranked 

with the Narbada beds, the physical arguments lead us to a like conclusion. Here we have 

not to deal with a rock-basin ; and the conditions are more appreciable. In the upper part 

of its course the Ganges cuts a broad abrupt valley, 60 to 100 feet below the level of the 

adjoining plains. In the lower region of the plains the denudation has taken a wider 

sweep); the old alluvium has for the most part been removed, isolated remnants of it only 

being found; and those, at least towards the modern delta, are being enveloped in the 

encroaching deposit of its alluvium. On the whole, the features of denudation in the Ganges 

valley seem to imply that this action was brought about by the subsidence of a former 

delta of greater extent than the present one, not by an elevation of tlic mountain region. 

Along the upper edge of the plains, the minor mountain-streams are still massing deposits 

continuously over the old alluvium ; and in some of these recent torrential accumulations a 

fossil Hindu village has been dug out. If we now turn to our comparisons, it is evident 

that the signs of change and of work done here are nothing like so great as that recorded 

of the Rhine and the Danube iu their valleys within post glacial times. Or absolutely, 

even stretching to the utmost the legitimate assumption of comparative stability, of condi¬ 

tions in India, ws can hardly reduce our estimate of the necessary duty of such a river as 

the Ganges, during the period allowed by a minimum computation for the lapse of time 

since the glacial period of Europe, to the amount of work I have indicated. So that here 

again the opinion obtrudes itself, that these old ossiferous alluvial deposits are not more 

ancient than the late Pleistocene. 

From the description given of the implement-bearing lateritic gravels of Southern India 

by my colleague Mr. R. Brace Foote (Quar. Jour., Geol. Soc., London, Vol. XXIV, p, 484, 

1868, and Mem. Geol. Surv., India, Vol. X, 1872), I should think they may be as old as the 

Narbada gravels. 
II. B. MEDLICOTT. 

July, 1873. 

Tie shells of the ossiferous deposits.—The shells Mr. Ilacket has placed in my bands 

for determination are all of them species, known to occur in the ossiferous gravels of the 

Narbada, a list of which is contained iu the Memoirs of the Geological Survey of India, 

Vol. 11, page 281. They are all of them in the mineral condition observable in the shells 

from these ossiferous beds, and some of them are embedded in the ordinary matrix of many 

of the fossils of the group, a gravel strongly cemented by lime. 

The most numerous and characteristic shells are Uniones, of precisely the same species 

and varieties as those now living on the spot, and it may be incidentally added, that no 

molluscous species is known to be included in these ossiferous beds which is not now living 

in the valley, though many species now living, have not as yet been detected in the gravels, 

which is a fact not without interest when the revolution is considered which has been 

wrought among the vertebrata since the days of the Hexaprotodon and Tetraprotodon, 

which, with numerous other pachyderms, proboscidians, and ruminants, then roamed over 

Central India, and disputed with man for mastery in the primeval world. 

Associated with the Uniones, occur also Bulimus pullus, Gray; Melania tuberculata. 

Mull.; Planorbis convexiusculus, B.; Lymnaaa acuminata, Lam. (?); and a Corbieula, pro¬ 

bably Corbicula Cor, Sow. 
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Three species of Unio occur in the collection, U. marginalis, Lam.; U. cjerulees, Lea ; 

and U. corrugates, Mull., which last embraces four distinct races,usually classed as species 

by most authors, but which, after some study of the Indian forms of the group, I incline 

rather to treat as local and permanent races, thereby reducing within manageable and natural 

limits the crowd of shadowy species, with which the literature of the grdup is burdened. 

IT. marginalis, Lam. 

This species is not uncommon, but is not so finely developed in proportion, in the ossi¬ 

ferous gravels, as the others, neither does it seem to occur quite so well preserved, nor to 

obtain the same weight of valves as in the other species, in which respect it simply agrees 

with the same species now living, which never displays any considerable thickening or 

calcification, under any conditions, however favorable. A perfect example, not fully grown, 

measures— 

Breadth ... ... ... 57 1 

* Length ... ... ... 29 V Mills. 

Thickness ... ... ... 19 j 

Allowing for slightly broken edges in the fossil, these proportions closely accord with the 

living shell which I give from Manbhoom— 

Breadth ... ... ... 61 j 
Length ... ... ... 31 > Mills. 

Thickness ... ... ... 18 ) 

A second specimen from these beds, which may be considered fully adult, measures 93 

mills by 43. 

U. CiERULEES, Lea. 

This species attains to a superb development in the ossiferous gravels, and merits nomi¬ 

nal recognition, since it does not quite correspond with any variety hitherto separated. It 

may stand as var. Namadicus, Theob. 

Two perfect examples measure respectively— 

a. b. 

Breadth 56 46 

Length 31 24 

Thickness 23 17 

A precisely similar form is now living in the Narbada, and differs less, from the type of 

the species, than some other races in other parts of India do. It agrees generally in the 

form of the teeth, in shape, color, and sculpture, save that each character is heightened in the 

Narbada form. The lateral teeth often display a carneous tinge, and the sculpture of the 

valves is not only stronger than in the type, but covers a far greater area, both on the valves 

and their posterior slope. A very similar form, though departing more from the tyj>e as 

regards shape, inhabits the Kistna valley, where it attains a breadth of 60 mills—(the typo 

measuring only 43). 

U. CORRUGATES, Mull. 

It is a groat pity that the type of that species of Unio, which seems to unite the greatest 

number of races in India, should be so ill characterised, difficult of identification, and appa¬ 

rently, with, a good series under view, so aberrant from the more strongly marked forms, 

which strict zoological argument requires should be united to it. On this subject I would 

Length is measured at right angles to a line tangential to the ventral margin. 
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refer to Mr. Blanford’s contributions to Indian Malacology in the Journal As. Soc., 

Bengal, for 1866, page 134, which contain a highly useful and condensed paradigm of 

our Indian Uniones. 

Mr. Blanford is undoubtedly correct in saying that “ both Lamarck’s and Chemnitz’s 

types (of Corrugatus) are quite distinct from Benson’s U. favidens, which has been confounded 

with them,” but with a very large series before me, I consider that this distinction is a 

racial one, not a specific one. 

If the rules of priority would have permitted it, I should have preferred, as the more 

natural course, to have taken Benson’s IJ. favidens as the type of that species round which 

so many races or sub-species cluster; but as this cannot be, U. favidens must stand as a 

race perfectly separable, but still only- a race of the wretched, ill-nourished U. corrugatus, 

Mull., for the*epithet “ tenera ” applied to any of the forms of this robust species, stamps it 

as an abnormal individual, impoverished by unfavorable local conditions, and subjected to 

deficient or imperfect alimentation. 

That the utmost diversity exists between the races which I unite under IJ. corrugatus 

may well bo, since without pretending to anything like a complete knowledge of all the 

forms of this species throughout its entire Indian range, there must still be admitted sixteen 

separable races, exhibiting very variable degrees of difference from each other; even after 

excluding U. Icevirosiris of Benson as a synonym of U. JVagporensis, Lea, and uniting 

1Yagporensis, Lea, with Wynegungensis, Lea, with which it is essentially identical, or too 

trivially distinct to be separated, judging from a large series of both forms. 

U. COEETTGATTTS, Mull. 

1. Var. triembolus, B. 

This form occurs very fine, both living and fossil, in the Narbadft. 

A fossil specimen measures— 

Breadth ... ... ... 66 | 

Length ... ... ... 40 Mills. 

Thickness ... ... ... 26; 

and I have no living specimen which quite attains these dimensions. 

2. Var. Wynegungensis, Lea. 

A stout trigonal and elongate form, which approaches the U. lasvirostris, B., seems 

equally common with the last, and passes into it. 

A fossil specimen measures— 

Breadth ... ... ...73) 

Length ... ... ... 39 ,> Mills. 

Thickness ... — ... 27 .1 
And in this case also I have no living specimen which equals these dimensions, my largest 

specimen of this type from the Kistna only reaching 60 mills. 

3. Var. Indica, Sow. 

This well marked form occurs both living and fossil; one of the last collected by 

Mr. Hacket measuring— 

Breadth ... ... ... 30) 

Length ... — ••• 27 > Mills. 

Thickness ... ... ••• 19 ) 

This is not a large race, as a fine recent specimen from the Narbada only measures 

41, 34, 21 mills. It is mainly confined to the Narbada, though I have it also recorded 

from Bajputana. 
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4. Corrugates, Mull. 

The preceding forms pass into one, which in the young state closely approaches the 

type, save that it is a stouter shell. 

There is, moreover, no fixity as regards the sculpture on the valves, so far as the extent 

covered by it, still the general facies is that of the type, which, according to Mr. Blanford, 

would seem more common in Southern India than in the Gangetic* basin, A fossil specimen 

measured— 

Breadth ... 27) 
Length ... 20 - Mills. 

Thickness ... 12 j 

July, 1873. W. THEOBALD. 

Note on the Baeakabs (coal-measubes) in the Beddadanole Field, Godavari 

District, by William King, b. a., Deputy Superintendent, Geological Survey 

of India. 

The question as to the existence of coal in the Godavari District, and indeed in the 

Madras Presidency—for the area under consideration is the only known one of coal-hearing 

rocks in the British territory to the south of the Godavari river—is still as full of obscurity 

as it was when I drew attention to the Beddadanole field last year. I have had, during 

this season, another opportunity of examining the ground most closely, but without success; 

and this search was so close that it does not seem possible that any outcrop of coal will 

ever he found by surface searching. Any further exploration must, therefore, be made by 

boring, and I am not without hope that coal may then be found. 

2. The most important point, aud in fact the only tangible one to ho relied on, is that 

the rocks of the Beddadanole area are Bardhars ; that is, they belong to the lower member 

of the Damuda Semes, or the coal-bearing rocks of India. It is true that no seam of 

coal is visible, hut this does not at all necessarily imply the non-existence of coal. 

3. To try and show that coal may exist in this field, I shall compare it with other 

adjacent fields, viz., that to the north-west, on the Godavari below Badrachellmn; and the 

Singareny coal-field to the westward, in the Nizam’s dominions. In the first of these, 

though it was reported by Colonel Haig to Mr. W. T. Blanford that coal was said to have 

been found down there, no coal was to be found at the place; indeed, the borings afterwards 

put down would seem to show that coal could not occur at the surface. At kny rate, the 

rocks were seen to be JJaMUDas ; and borings revealed seams of coal. These are, however, 

not of much extent on the British side of the river, though they are probably large 

enough on the Nizam’s side, as I have since found that an outcrop of possibly the same 

beds shows at some twenty-five miles to the south-west. 

4. As regards the Singareny coal-field, I can compare it more closely with that of Bed¬ 

dadanole, having likewise again visited it this season, when it is now being thoroughly ex¬ 

amined by Mr. Heenan, the Superintendent in charge of the Nizam’s coal-fields. The only 

difference of outward circumstances, as regards the present enquiry, between this and the 

Beddadanole field is, that coal did show at the surface in the former, though only in the 

most fortuitous way. Otherwise, the series of rooks (Bardkars) in each field are identical 

* For the information of Naturalists at home, I may as well add that the Narbada does not belong to the 

Gangetic basin, 
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in every way, in their appearance, constitution, and mode of occurrence. There are plenty 

of outcrops of rock over this Singareny area where one might expect that seams of coal, 

if they existed, might appear at the surface; hut such is not the case ; there is only the one 

large “ pot-hole” hollowed out in the low ridge of sandstones in the bed of tho river with 

the seam of coal showing at the bottom. Nevertheless, since the borings have been put 

down by Mr. Heenan, not only has the first fouud seam been traced in other parts of the 

area, but three more have been struck, one above my seam and the others below. So that 

here we have a field with at least four seams of coal, the lowest found as yet being a very 

thick one, and having its strata so laid down that all these seams ought to crop out at the 

surface, whereas only one is just exposed. Outcrops of all the seams do probably exist; but, 

as would be likely, owing to the coal being cut into and washed out at these places by the 

weather and the Btreams, they are either now covered up by sand and debris gathered 

between the exposures of the harder beds, or are hidden by the settling down of superin¬ 

cumbent strata. 

5. This concealment, or washing out of coal outcrops, may equally exist in the Bedda- 

danole field, as, it is hardly necessary to state, there are numerous spaces in the nullahs 

between the exposed rock masses which are filled in with sand, tbongh, as a general rule, the 

sandstones aro very well and frequently exposed. Again, the lie or dip of the strata is very 

low, on tho average about 5° to the westward, and they undulate to some extent; while the 

general surface of the area occupied by the Bardkars is fiat; and thus the sandstones 

have not been deeply cut into by the streams, so as to show enough of the strata. 

6. There is, besides, a physical feature of this area which seems to hold out some hope 

that there may bo hidden coal. The field is traversed by a river of from 50 to 60 feet 

in width, which flows in the direction of, or with the strike of the strata, or along the 

outcrop, that is, nearly north and south, a course which, viewed with the rest of its route 

over the Kami Id area, is somewhat exceptional. This course of the river may be due in 

part to the existence of a band of softer strata occurring between the sandstones which 

show at rare intervals on either side of the river. Indeed, I think there can be no doubt 

that there is a band or seam of softer or more easily worn strata covered up by the sandy 

bed of the river; or we should have had rock cropping up at places in the channel. But 

boring alone will tell whether coal seams occur in this soft and denuded bed. 

(. The exposed area of Bardkars is, unfortunately, not extensive, being only about 5J 

square miles. It is covered up immediately on the western side of the field by the great 

series (Kamthis, of Blanford) of red and brown sandstones, in which there is no coal, con¬ 

stituting the upland country of Asharaopettah (Nizam’s dominions) and Jeelagoomilly, &c., 

(British territory) to the westward. There must, however, be a good spread, equal in area at 

least to that exposed, of the Bardkars hading down underneath the Kamthis. I am led 

to expect that this infra Ivamthi extension is larger than I originally thought, on account 

of the westerly dip and the great thickness (about 300 feet at least) immediately under the 

covering edge of the Kamthis. Also, as we may judge to some extent by the lie of these 

last towards Jeelagoomilly, there is a roll up again of the beds towards that village, thus 

forming a synclinal or depressed eurvo of the strata, indicative of an ancient valley, over 

part oi which the Beddadanole Bardkars were deposited. This same valley beneath the 

Kumthis appears to have opened out south-eastwards, leading to the inference that if the 

Bardkars do extend any distance underneath, they would lie down this valley, rather than 

up or across it, and so be still in the British territory. 

8. An indication of the possibly large extension of the Bardkars underneath the 

Kamthis is shown some miles to the north-west; for, as already stated, I have lately 

found what certainly appear to be Bardkars cropping out on the western edge of the great 
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Ellore-to-Badracliellum spread of Kami,his at a point some twenty-five miles south-west of 

the coal-field helow Badrachellum, and which may he an extension of that field. 

9. To summarise, I think it may be concluded— 

1That there is a likelihood of coal from the fact that the sandstones of Beddadanole 

are of the Barakar group. 

2net.—That there is some slight reason for suspecting that the Beddadanole river bed 

conceals coal outcrops. 

3rd.—There is every expectation of the area, exposed and hidden, of the Barakars 

being at least ten square miles in extent, if not a great deal more, and that it lies in the 

British territory. 

So that, should it be decided to try the field by boring, and I would most earnestly 

recommend this proceeding on account of the above three conclusions, though they be laden 

vdth conjecture, the crucial bore holes ought to be put down near the right or western bank 

of the stream, where they will run to a depth of over 200 feet before the coal-bearing 

strata are pierced. One hore-hole at about half-way down the course of the river within 

the field would be almost sure to strike coal if there he any in the field; though, even if 

this failed, another might he struck down about three-quarters of a mile lurther west, as 

the first hore-hole would only have pierced about half the thickness of the exposed field. 

Details as to the character of the rocks, their lie, and the size and position of the field 

have been already given in the Records of the Geological Survey ot India, Vol. V, 

part 4, 1872. 

Camp, Godavari District,"} WILLIAM KING. 

April mh, 1873. 5 

Notes from a Progress Report on the Geology of parts of the Upper Punjab, by 

A. B. Wynne, f. g. s., Geological Survey of India. 

The first two seasons during which the operations of the Geological Survey were extend¬ 

ed to the Punjab having been devoted to the examination of the Salt-Range, the following 

one was, by order, chiefly spent in rapidly reconnoitering the country surrounding the upper 

plains of the Punjab, both on this side and, as far as possible, trans-Indus, in order to obtain 

a preliminary general knowledge of the complex geological features presented. 

At its close lines of observation were carried through the H azara district, and a closer 

examination was made of the Sir Ban mountain region, close to Abbottabad, which was found 

to afford an epitome of much of the geology of the Upper Punjab (see Memoirs Geological 

Survey, Vol. IX, Art. 3.) 

At the commencement of the succeeding season, that of 1872-73, the detailed working 

of the one-inch maps of the Rawul Pindi district was taken up and carried on with one 

interruption, during which the Salt-Range was again visited, in order to obtain a special col¬ 

lection of its mineral products for the Vienna Exhibition of 1873. 

With the valuable assistance of Dr. Warth, Deputy Collector at the Mayo Mines near 

Pind Dadun Khan, a series of specimens of several maunds in weight was formed and des¬ 

patched to Calcutta. This included a block of rock-salt cut purposely from the mine, about 

two tons in weight ; and amongst the others, a complete series of large specimens illustrating 

the geological structure of the part of the range overlooking Pind Dadun Khan, ; besides 
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several specimens of newly found minerals from the Mayo Mines, such as Glauberite and 

Ivieserite, varieties of pure potash salts, and others in combination with sulphates. 

Specimens of the cubical salt of Kalabagh, the alum shale, gypsum containing quartz- 

crystals, and gold sand from this latter locality, were also added to the collection with the 

help of Mr. Wright, Collector of the Salt Revenue, and Dr. Warth. 

At the same time efforts were made to obtain a block of trans-Indus salt from the mines 

of Bahadur Khel, which resulted in the addition of a 27-maund block of this salt to the 

collection forwarded by Captain Plowden, Assistant Commissioner at Kohat. 

These two large specimens show the marked difference of colour between the clear white 

or reddish salt of the Salt-Range and the gray or dark-coloured trans-Indus salt. 

It was during the progress of the Vienna collection at the Mayo Mines that the disco¬ 

very of the potash salts was made, attention being called to their situation in the mines by 

the hardness of part of a band of ‘ Kullur’ or impure salt, through which a drift was being 

excavated. On examination of this, the band of potash salts was found to be 6 feet thick, 

partly pure and partly mixed (sulphates, &c.); but its further extension could not be at the 

time ascertained owing to its situation, while there was little or nothing in the general 

appearance of the potash mineral to distinguish it from the ordinaiy salt. Specimens were 

immediately subjected to a preliminary analysis by Dr. Warth, but the crystallography of 

the new found salts was a subject unapproachable for want of proper instruments for mea¬ 

surement. It is hoped that some of the perishable crystals put up in glass bottles may have 

reached Vienna in a state lit for examination. 

The deposit will probably prove interesting, as the only one known witbin British posses¬ 

sions, and may become very valuable should the importation of these high priced salts into 

England from the Continent be interrupted. Dr. Warth suggests that it may eventually be 

found advantageous to work this deposit for the alum factories at Kalabagh, For shipment 

from India the transport of the salts would present no great difficulty by the wire-tramway 

from the mines to the banks of the Jhelam, and thence by water to Kotlee on the lower 

Indus or to Kurraehee. 

In carrying out the detailed examination of the Rawul Pindi district eastward of that 

station, the hills were found to exhibit the relations of the “ sandstone and clay” portion of 

the great outer tertiary belt, well known as the southern border formation of the geological 

system of the Himalayas. Here the lower, red, or Mnrree (or Subatbu), beds pass upwards by 

alternations of red clays or shales and gray sandstones (locally distinguished by the Punjab 

survey-party as the “ red and gray” scries) into softer gray sandstones with clays of a more 

orange colour, the highest beds being a thick group of incoherent conglomerate rocks, pre¬ 

viously known to exist on the Indus and at both ends of the Salt-Range proper, as well as in 

some other places. In the generality of cases this conglomerate group was found to present 

a gentle transition from the lower beds upwards ; the pebbles, chiclly of crystalline rocks, after 

their first appearance increasing in number and size till tlio whole rock becomes a mass of 

small boulders or large pebbles slightly held together by an inconsiderable calcareous matrix. 

The rock is seldom found hard enough to show its own outcrop, and presents the greatest 

difficulty in discovering clear sections, though hills formed of it possess in their undulating 

pebbly surfaces a characteristic by which the conglomerate can be recognised from long 

distances. 

Associated with this conglomerate group, and indeed throughout the whole of the 

arenaceous and argillaceous portion of the tertiary rocks of this country, are various beds, 

usually calcareous sandstone, conglomeratic sandstone, or a peculiar finely concretionary calca¬ 

reous and earthj or sandy rock of a gravelly pseudo-conglomeratic appearance, often containing 
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more or less numerously fragments of bones. In the upper and more conglomeratic por¬ 

tions of the series, these bones are frequently mammalian; while below, even to the base, 

and there associated with Nummulitic, or Botalina-hemvng, layers, the bones, rarely in a 

good state of preservation, are believed to be more commonly reptilian, as appears from Major 

Vicary’s writings to be the case in the corresponding beds at Subathu* 

Prom Murreef southwards the general stratigraphical structure of the hill country is 

a succession of great waves commencing with an anticlinal curvature close to that station, 

the synclinals of the curves embracing some of the higher strata, form grand vertical cliffs, 

when largely composed of massive sandstones bedded nearly horizontally, as around the eleva¬ 

tions of Karor and Nurr’h, very similar to the cliffs on the Indus at Dangote above Ivalabagh. 

Towards Jhelam the curves appear to become softer aud more open, and some of the 

highest beds, the conglomerates previously mentioned, come in. 

In the vicinity of Murree, and along deeply excavated valleys lying in a general direction 

north of east and south of west, overlooked by the northern slopes of the Murree ridge, the 

lower red tertiary rocks terminate ; one side of these valleys being chiefly formed of the red 

rocks, and the other of contorted limestones and shales, towards which the Murree beds are 

frequently inclined. These are the main or striking circumstances of the positions of the 

rocks, which, however, when examined in more detail, are not found to be strictly limited to 

opposite sides of the valleys, small portions of the red beds being found in the limestone 

hill slopes, and a pretty constant rib of nummulitic limestone stretching from the Kooldunna 

bole (lying northwards from Murree) along the foot of the Murree ridge westwards by south. 

The rocks on both sides of the junction-valley present the strongest evidence of dis¬ 

turbance ; and faults, or lines of displacement, are numerous. Starting from Murree, red and 

grayish sandstones, with imperfect plant-impressions alternating with deep red clays, form 

all the slopes in a descending northerly direction, till the rib of limestone is reached. On 

both sides of this, calcareous nummulitic layers alternate with the red beds. And gypsum 

occurs more or less on the Murree side of the rib and close to it. Beyond the rib of strong 

dark limestone, red and gray sandstone and clay beds (forming the major portion of Ivool- 

dunna hill) predominate ; and on the ascent of the opposite slopes of the Mochpoora chain, 

gray nummulitic limestone, sometimes crowded with small fidtalince, alternate with dark 

shales. But even here detached longitudinal masses of the red Murree beds lying parallel 

with the principal features appear to be faulted deeply into the limestone group. Further 

up on the Mochpoora ridge and beyond it, northwards, jurassic and triassic rocks appear, in 

the manner shown in Dr. Waagen’s paper on the neighbourhood of Khairagully and 

Chumba Peak (the result of a joint examination of the locality with the writer, see 'Records 

Geological Survey, Vol. V, page IS). 

In studying the junction of the more mechanically formed tertiary beds with those 

consisting largely of nummulitic limestone along the Murree valleys hut little value can 

be attached to the distorted dips of the beds; some traces of a former regular succession 

from the limestones of the Mochpoora ridge upwards into the Murree beds being perhaps 

slightly indicated; and the present positions of the rocks may be, for all that is seen to the 

contrary, freely and fairly attributed to the united results of folding and faulting: 

traces of the latter being too prevalent for faulted displacement to be excluded from consider¬ 

ation in the effort to account for the existing state of things. 

Beyond the Murree region westward, the junction of the Murree rocks with the lime¬ 

stones to the north presents very much the same general character, the gypseous zone being 

* Quar. Jour. Geol. Soc., London, Vol. IX, p. 72, 1863. 

t Koh Mari (i. e., Mari mountain) is the name of this locality, the a having the sound of 0; hence the adoption 

here of the common phonetic and more popular spelling. 
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traceable at intervals in the position first described. The outer limestone rib expands and is 

flanked by another similar band, the alternation of limestones and Murree bed being apparently 

produced by faults ; at least it has entirely this aspect in the neighbourhood of Shah Durah. 

Further west a strongly marked line, also bearing the strongest resemblance to a fault, 

diverges north of Rawul Pindi from the main line of junction in the direction of the 

Margulla pass, on the Peshawur road. Along it the Murree beds are brought, against the 

hill limestones, here including both nummulitic and Jurassic rocks (with perhaps an inter¬ 

vening cretaeeons band). The jurassic beds contain a very marked layer made up of large 

Trigonire resembling Trigonia Ventricosa, Kraus, with some smaller forms; while beyond 

Margulla Ammonites and Belemnites are also to be found. As usual along the contact of 

the limestones and finely detrital rocks, the red Murree beds are often either vertical or 

highly inclined towards the limestones. The actual junction surface, from being situated 

at the foot of the hills, is concealed; and the branch line disappears beyond Margulla, the low 

ground in that direction being heavily covered with detrital deposits, and the small hills in 

which the spur from Mochpoora terminates being formed of the nummulitic and jurassic 

limestones, shales, &c. 

The main line of boundary between the limestones and the Murree group continues from 

the place of divergence north of Rawul Pindi westwards, marked at first by low limestone 

hills at the foot of the Mochpoora ridge or spur, which gradually increase in height and 

width, till they form the chain of the Chita Pahar mountains, abutting on the Indus several 

miles southward of Attock, near Nilab Gash. Beyond this the same feature continues 

westward along the Afireedi hills passing just north of Kohat; on this line also the gypseous 

zone seen at Murree and more largely developed at Tret, as well as lower down in the plains, 

may be recognised at intervals. In connexion with this gypseous zone, and sometimes in the 

gypsum itself, are sulphurous springs, which bring petroleum or mineral oil to the surface; 

this also frequently occurs slightly impregnating the adjacent limestones. 

Along the whole of this line of junction within British territory, from near the Jhelam* 

to the Indus and beyond it, the ■positions of the two sets of rooks furnish nothing decisive 

iu the way of evidence to prove which is the older: and in many places the inference from 

dips would he directly contrary to fact. The nummulitic limestones of the hills being, 

however, found in some spots close to the boundary passing downwards into jurassic rocks 

(with or without a thin intervening band which may be, but is not here proved cretaceous), 

all doubt of the true position of the red rocks is removed; and their close association with 

certain layers containing nnmmulites on the south side of the junction fixes their age with 

certainty. 

It will then appear that on one side of the general boundary there are red Murree beds 

containing layers of nummulitic, calcareous, or earthy rock, while on the other there is a 

mass of limestones and shales of nummulitic, jurassic, and perhaps some of cretaceous age. 

The junction itself presents all the features of a fault or band of several faults, and the 

only reason why it should not he unreservedly accepted as such is that, in the Simla Outer- 

Himalaya examined by Mr. Medlicott, the same tertiary sandstones and clays as occur 

in this country have been divided by that gentleman into groups, the boundaries of which, 

having the same general resemblance to lines of fault, are in most cases believed and in 

some are proved by him to be lines of unconformable contact and not of faulting (see 

Memoirs, Geological Survey, Vol. 111). 

* The continuation of this line in the valley of the .ihelam has been recently seen. It makes a sharp bend 

northwards near Kohala, and runs along the foot of the Mochpoora aud lluzar lulls on the right bank of that 

river, crossing the bend of the stream near Mosufferabad in Cashmere. Here it bends to south-east, following the 

course of the .Ihelam still on the right bauk, but far up on the Hunks of the Kyj Nag range to Ooree, where it crosses 

the river and takes a course along the outer flank of the Peer Punjal chain. Slates, metamorphic rocks, and 

occasionally limestones, are seen injunction with the red Murree rocks, the line still resembling one of faulting. 
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There can be little or no doubt that the red Murree roots are, or represent, the num- 

mulitic Subathu beds of Mr. Medlicott, which, in the Simla districts, rest unconformably 

upon limestones and slates of unknown age; while in this part of the Punjab nummulitic 

rocks occur on both sides of the junction. It would be manifestly improper to ignore 

this line of junction and carry the nummulitic boundary across it while it presents so 

marked a feature. Without some palpable local evidence, it would be equally improper to 

indicate an unconformable break in the nummulitic series; hut as this might possibly 

exist together with the faulting and displacement which seems to have occurred, it is 

proposed to express the line upon the map as one of fault, at least provisionally or until the 

whole country has been explored, with the hope that something further may be found to ex¬ 

plain the dilference between the present aspect of the junctions here and in the Simla regions. 

With respect to the other junctions of Mr. Medlicott, showing repeated unconformity in 

the ascending series between his tertiary snb-groups, the difference in this district has to be 

noticed. The description of the rocks would point to their close identity; but in the Simla 

region the succession appears to have been interrupted; while here the most apparently 

regular sequence and conformity has only been observed southward from the limestone 

hills, crossing the country in an east and west direction north of Rawul Pindi; the red Murree 

rocks, either vertical or dipping at high angles, reach down to the latitude of that place, 

interrupted only by a long ridge of nummulitic limestone of the hill type, which, lying 

west by south from the station, appears to occnpy a space between two converging lines of 

fault. Southward of this the Murree beds pass up (still retaining their high dip) into the 

‘red and gray’ series in which the first hands of conglomerate appear. In these 

conglomerates, notwithstanding the parallelism of the beds, are enclosed limestone pebbles, 

proved by the small Nummulites which they contain to have belonged to that formation; 

but where the break occurs during which the denudation of the older rock took place it is 

at present impossible to say. 

Above the ‘ red and gray’ rocks come others with more of orange colour in the clays ; 

and these pass up, as already stated, into the conglomerate group. The upper portion of 

the series in the neighbourhood of these comglomerates has been identified from its fossil 

bones with the Sivalik group by the late Dr. Falconer (paper by Mr. Theobald on the Salt- 

Range : Proceedings, Asiatic Society, Vol. XXIII, 1854, page 677). So that in this district the 

Subathu and Sivalik groups of the Simla region may be considered present; while many 

of the intervening rocks would answer to the description of the Nahun beds of 

Mr. Medlicott. The peculiarity of the frequently interrupted succession in that region, 

contrasted with that almost complete sequence here, would indicate considerable difference in 

the physical causes which affected the deposition of the tertiary rocks in one region as 

compared with the other. 

It is difficult to estimate the thickness of these sandy and earthy tertiary rocks in 

consequence of the numerous contortions, and the all but positive certainty that in many 

places, where the beds are apparently steady at high angles or vertical, the arches of numerous 

folds are concealed. The fact of this contortion impressed Mr. Lyman (Report on the oil 

regions of the Punjab) with the idea that the thickness of the whole was much less than 

it would appear. But while it is of course possible, it is at the same time not easy to 

imagine, all these contortions lying exactly so that the plane (or approximation thereto) 

of the surface of the country should intersect them without exposing either recognisable 

repetitions of each group or some of the next underlying strata. The absence of these 

cases seemed to point to an enormous accumulation of the beds, notwithstanding their con¬ 

volution; and this is rendered more probable from an observation lately made in the Jhelam 

valley within Cashmere territory, where part of the red Murree group, dipping regularly at 
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an angle of 45°, was estimated to have a thickness, on the flanks of the Kjj Nag range, of 

about one and a half miles. The dip in this case also was (obliquely) towards the adjacent 

older rocks. 

Besides the tertiary conglomerates previously described, there is another very extensive 

group of more recent age, the pebbles in which are largely composed of limestone'; it is very 

well developed about Rawul Pindi, and spreads unconformably over great tracts of the 

country, alternating with drab or pale pink or red or purple brick-clays, and frequently as¬ 

sociated with calcareous tufa or calcareous conglomeratic solid massive beds called by the 

natives ‘ Koonjoor.' The basal part of this group in immediate contact with the tertiary 

sandstones is often formed of strong beds of calcareous tufa or travertin. 

These conglomerate and clay rocks are at present considered lacustrine, or formed by 

wandering river action; and their boundaries, if shown upon the maps, will be extremely 

intricate, as they are often cut through by the nullahs exposing the rocks beneath. 

The superficial covering of the country is largely derived from the clays of this 

group; and where clays, shales, and such soft rocks abound, there is no lack of material to 

form a frequently thick deposit, the result of atmospheric action. 

Skinuggub, T A. B. WYNNE. 

Cashmere, May 25th, 1873. J 

Coal in India, by Theo. W. H. Hughes, c. e., f. g. s., Associate, Royal School of 

Mines. 

I trust it will not be uninteresting to the readers of the Records of the Geological 

Survey to have placed before them a few brief remarks which will tend to widen the scope 

of their knowledge with respect to our Indian coal-fields, and enable them, when the subject 

of coal is discussed, to uphold the claim which India enjoys to rauk amongst the great coal¬ 

bearing areas of the world. It will doubtless surprise many to learn that both in the 

superficial extent of its coal measures and associated rocks, and in the actual amount of its 

coal, India is surpassed by few countries; and that with respect to the size of some of its 

seams it stands pre-eminent in the literature of mining. 

Even that land of monstrosities and natural wonders, the United States of America, can 

exhibit nothing to compare with the gigantic seams of the, Hengir and Damuda coal-fields, 

some of which are one hundred and sixty, one hundred and twenty, and a hundred feet thick. 

These figures of course do not imply that there is this amount of pure coal; the term seam is 

used in its technical sense, as embracing the whole sum of coal and partings in a given bed. 

Until within the last few years the information regarding our coal-fields was scanty 

and imperfect; but of late, the action of Government and the labours of the Geological 

Survey have been more in accord with the requirements of the country ; and the result is 

that, although our data are still far from being complete, yet we can form an approximate 

estimate (which may be accepted as a nucleus for future computations) of the area of our pro¬ 

bable coal supplies, their geographical position, and the quality of fuel which they can yield. 

And in the first place with regard to our probable coal supplies, it becomes more and 

more important, in the face of the steadily increasing price of English coal, to enquire 

whether India will be able to furnish the fuel so essential to the further develop¬ 

ment of those industries which the energies of Englishmen have in some instances 

created and in other cases fostered to a maturer growth. In answer to this question, around 

which centres the chief interest in this article, I think it will be sufficient if the reader 

glance at the subjoined table of areas to feel satisfied on this point. 
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The same method of calculation has been acted upon in regard to India, in the deter¬ 

mination of the superficial extent of its coal-hearing areas as that applied to other 

countries, and the length and breadth of the tracts over which coal rocks may be presumed 

to extend have been multiplied to give the number of square miles. 

Taking the coal-fields already partially and in whole examined, and allowing for the 

unsurveyed portions of Central India, Assam, Burmali, and the Tenasserim province, &c., 

we may safely assume 35,000 square miles as being within the mark. 

In order to show how these figures are arrived at, I append the following table. 

Besides, however, enumerating the different Indian areas, I have added a list of such 

countries the areas of which I have been able to compile from various sources of reference; 

and I have also noted the countries in which coal is known to occur, but concerning which 

there is no knowledge of the extent of their coal measures By thus enlargening the table, 

I hope its usefulness for the purpose of comparison will be increased:— 

Table of Areas. 

Name of country. 

Area in square 
miles over which 
coal-rocks may 
be presumed 
to extend. 

Remarks. 

India 35,000 This mileage is made up as follows:— 

Godavari area (including its affluents) ... 11,000 
Son ... ... ... ... ... 8,000 
Sirgujah and Gangpfir area ... ... ... 4,500 
Assam ... ... ... ... ... 3,000 
Narbada area (including its affluents) ... ... 3,500 
Damdddi... .... ... ... ... 2,000 
Rdjmah&l aroa ... ... ... ... 300 
Unsurveyed and uucomputed areas ... ... 2,700 

Square miles ... 35,000 

United States 500,000 The productive area of coal is much less. Professor Hitchcock 
estimates the area of the true carboniferous system at 
230,659 square miles. 

China 400,000 This estimate is not thoroughly reliable, but it is certain that 
there is an enormous coal-bearing area in China. 

Australia... 240,000 In New South Wales, the coal area is said to be 120,000 square 
miles. In Queensland the same area is supposed to exist. 

Russia 150,000 This area is probably far below the real extent of the Russian 
coal-formation. 

India 35,000 

British America 18,000 

Great Britain 12,000 Mr. Hull gives 5,431 square miles as being stored with coal 
to a depth of 4,000 feet. 

Spain 8,000 This estimate is vague. Some authorities give 4,000 square 
miles, and others 2,000. 

Japan 6,000 

Germany ... 3,000 By Germany is meant all the German-speaking provinces, 
except those under Austrian rule. 

France 2,400 

Austria ... 2,000 Some of the Austrian brown coal scams approach the Indian 
seams in thickness. 

Belgium ... 520 

Trinidad ... 318 
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... The coal of Labuan is reported to be of good quality, and very fair coal occurs 
in the Sarawak territory. 

... There are large coal-fields in this splendid country. 

.. ... There is coal in this as in so many other dependencies of the English crown. 

.. ... Only a small quantity of coal is raised in the island of Bornholm. 

... These islands contain coal. 

.. ... Lignites have been worked at Koumi. 

.. ... The coal of this country is said to be cretaceous. 

... The calculated amount of coal in New Zealand is four thousand millions of tons. 

.. ... A large area of coal is stated to occur. 

.. ... A small coal-field exists near the mouth of the Douro. 

., ... This coal was brought to light by Livingstone. 

.. ... Some coal, said to be Zanzibar coal, was analysed by Mr. Tween, of the Geological 
Survey, and gave— 

Carbon ... ... 42‘4 
Volatile matter .... 304 (moisture 4 per cent.) 
Ash ... ... 27*2 

100-0 

The geographical positions of most of our fields have been already indicated in the 

“ Coal Resources of India” compiled by Dr. Oldham and published in 1807. It was pointed 

out in that work that a chain of coal-fields extended across India from near Calcutta to the 

Hoidrabad Assigned Districts (the Berars), lying within the 20° and 25° parallels of 

north latitude; that other fields occurred in the valley of the Godavari and its affluents, 

and that throughout Assam, Burrnah, and the Tenasserim province there were deposits 

of coal. 

Some of these fields lie in the route of direct railway communication between 

Bombay and Calcutta, and of course would prove useful sources whence to draw fuel. But 

the geographical positions of others again are such that they will probably not answer any 

useful purpose for many years to come. 

The quality of Indian coal is usually denoted by the adjective bad, but I believe this 

word has been too freely used. The average of Indian coal is certainly inferior to 

that of English; but there are many seams in the Raniganj field, and more notably 

one or two in the Karharbari field, which yield very good coal indeed. Much of the Assam 

coal is said to be excellent. And it is justifiable to entertain the idea that if our fields had 

been more extensively opened out and worked to a greater depth, coals would have been met 

with of a quality sufficiently good to make us cautious in regard to the indiscriminate use 

of the word bad. Several attempts have of late been made on one of the short lines of the 

north of England to burn inferior coals in the locomotive engines; and I liavo been informed 

by a gentleman personally interested in the matter that the experiment in which he was 

concerned proved very successful. The principal modifications of existing arrangements are, 

I believe, in connection with the grate and draught, but there are minor ones with which 

I am not acquainted. Nearly the same amount of work, it is stated, was done by the inferior 

coal as is at present done by the best locomotive coal. Itow important these practical 

experiments are in respect to India no one will deny, and I hope the day is not far distant 

when we shall profit by them. 

Chandah, 

1st January 1873. 

Borneo ... 

Brazil 

Cape Colonies 

Denmark... 

Falkland Islands 

Greece 

New Granada 

New Zealand 

Persia ... 

Portugal ... 

Zambesi ... 

Zanzibar ... 
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On the Salt-speings of Pegtt, by William Theobald, Geological Survey of India. 

Prior to the occupation of Pegu by the British, a considerable manufacture of salt was 

carried on inland, from the somewhat feeble brine springs, which are so plentifully distributed 

throughout a large portion of the valley of the Irrawadi, more particularly along the eastern 

shirts of the Arahan range in the districts of Myanoung and Henzadah. Of late years, this 

manufacture has to a great extent ceased, and is now merely practised on a very reduced 

scale at a few spots, to supply strictly local requirements. The decay of this industry arises 

from the abundant supply of the article, now procurable, manufactured in the delta* from 

sea-water; and we may expect this sea-salt entirely to supplant that manufactured from the 

springs, as the system of traffic and barter, by means of itinerant traders, enlarges more and 

more, and the facilities for obtaining the cheaper article become greater, and, therefore, more 

appreciated. Even now, many spots are. pointed out, from which salt was formerly obtained, 

but at which the precise locality of the wells, long since fallen in, has been forgotten, and 

every year makes it more difficult to gather information on this point, as the action of the 

seasons and the growth of vegetation combine to efface all traces of former workings. In 

some places skirting the hills, the plough now passes over ground where salt-wells formerly 

existed; and hence it is mainly in the localities where massive timbering was employed to 

support the sides of the wells that we can best judge of the number and importance of the 

old workings. 

The wells vary in shape, being either round or square, usually the latter, from the greater 

facility of timbering the sides; whilst some are little better than rude excavations or enlarge¬ 

ments of an original cavity, sufficient to permit the accumulation of the brine for conve¬ 

nient removal. Others again are sunk 10, 20, or 30 feet, and have their sides roughly, 

though effectively, supported by stout planks. In some instances (e. g., Hlahndcng and 

Kadeng-mah-ngo), these planked wells are sunk to a small depth in the bed of a. stream, and 

during the monsoon become filled with sand, gravel, and fresh-water, bnt on the season for 

active operations commencing in the cold weather or towards its close, it was customary to 

clear them out, when the brine would be found, occupying its own place, a short distance 

below the ordinary level of the bed of the stream. 

The strength of the brine is variable, being often only feebly saline. This probably 

depends on admixture with surface water, as the strongest noted was yielded by the 

Sadwingyee spring, which was also most copious, and consequently the least obnoxious to 

admixture with surface water, which may be supposed often to affect the more feeble and 

sluggish springs. I may here remark that, though usually spoken of as brino springs, 

these springs are, in the great majority of instances, hardly entitled to the designation, 

having scarcely any flow. In the case of Sadwingyee, there is a copious spring. In the 

case of Numiuayahn and Sahngyee there is a perceptible flow, and no more, accompanied by 

a somewhat copious evolution of marsh-gas, which keeps the pools turbid and in a state of 

constant ebullition. The more usual mode of occurrence of the brine, is among crushed or 

disturbed strata, especially harsh dark shales, in which the brine occupies cracks and pockets, 

and, on a well being sunk therein, trickles into it from the surrounding strata, but without 

causing an overflow. Mr. W. T. Blanford, in a memorandum on the salt-wells of the 

district of Henzadah (May 1st, 1861), points out thirteen different localities, the richest 

being that at Sadwingyee, which indeed may be regarded as the richest in the piovince, 

and of which I here quote his account. 

“ The appended list specifies thirtecnf different localities in the district of Henzadah 

at which salt is known to have been worked. Of these, only three were at work at the time 

* Imported Englissh salt is now competing1 with the country-made article, 

t Nos. 63 to 69, 71 to 74, 79. 
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of my visit, tlie principal of wliicli was Sadwingyee, the spring at which place is probably 

one of the most productive yet known in the region. The flow of water in the well was 

carefully measured by my fellow assistant, Mr. Fedden, and found to be 57'15 gallons per 

hour, or about 1,370 in the 24 hours. By a rough experiment the water was found to con¬ 

tain 4,704 grains of salt to the gallon, so that the quantity of salt daily yielded by this 

spring amounts to 020 lbs. avoirdupois, or 8 cwts. 24 lbs. 

“ Few springs probably yield so largely as Sadwingyee, but it was not found practicable 

to ascertain the quantity procurable from any other. The water is so salt that it can be 

evaporated at once without previous partial evaporation by the sun. It is boiled down in 

large iron pans, placed in twos or throes, over an earthen fire-place, the method being some¬ 

what similar to that employed in India for evaporating the juice of the sugarcane.” 

The pans mentioned in the above paragraph are shallow, extremely thin cast-iron pans, of 

English manufacture, of about 30 inches in diameter, and principally used in the preparation 

of the common ‘jaggery'or unrefined sugar from the juice of the ‘date,’ ‘fan,’ or other 

palms. Earthen pots are also used for concentrating the brine, of an oval shape, with sides 

nearly an inch in thickness, and capable of' holding between 3 and 4 gallons. In the delta, 

where salt is habitually made from sea-water, a somewhat different arrangement is adopted. 

A circular oven of brick is constructed, something like a large bee-hive, with holes at intervals 

to receive the oval earthen pots above described, to the number, perhaps, of as many as sixty 

in one oven, the ultimate concentration being, I believe, in the ordinary shallow iron pans, 

though this is probably a l'eeent innovation. 

The distribution of these springs is as follows:—Of 79 localities recorded in the accom¬ 

panying table, 21 are situated within the area occupied by the newer tertiary strata of the 

province, of mioeene age; 9 within the much narrower belt of country formed of unaltered, 

and comparatively slightly disturbed, numinulitic rocks; whilst most of the remaining 49 

localities form a conspicuous band along the outer hills, on the eastern side of the Arakan 

range, among altered rocks, grouped comprehensively under the term Negrais beds, of, in part 

possibly, numinulitic age likewise. 

No salt springs are known to me on the western side of the Arakan range, or on the 

eastern side of the Pegu range. The whole are, as far as is at present known, confined 

to the Irrawadi valley; though future exploration may possibly show that this remark 

only holds good within the area to which it more immediately relates. 

The most easterly springs are those of Kadeng-mah-ngo and Pyeng-mah-choung, 

fifty miles to the south of the former, distant, respectively, sixty-seven and seventy miles 

from the Arakan range, and thirteen and eleven from the Pegu range, measured at right 

angles to their general direction. Seven miles south of the Pyeng-mah-choung springs 

occurs the spring of Toung-ugo, rising on the same north by west line of strike, and being 

accompanied by a copious evolution of marsh-gas. The Toung-ngo spring rises on a line of 

disturbance, as shown by the crushed and indurated character of the sandstones in its vicinity, 

and the lessor frequency of springs along this most easterly lino of their occurrence may bo 

partly attributed to the greater thickness of the newer strata, which they would here require 

to pierce before reaching the surface ; and, partly, to their presence not having been so sed¬ 

ulously sought after by the natives, owing to the lesser demand for salt at such a distance from 

the river or lakes, yielding the great bulk of the fish from which the national gna-pee or 

fish-paste is prepared. Hlahndeng spring probably belongs to the same system, though 

situated a little off the direct line on which the others rise. 

The second line of springs is that of which Nummayahn is the most important, and 

runs in a direction north by west, distant, respectively, thirty-two and forty-six miles from 
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the Arakan and Pegu ranges. The On-nay-da-gyee spring near the frontier lies almost 

exactly on this line, which, if considered as one line, measuring from On-nay-da-gyee to 

Waddau-tha, is sixty-tliree miles in length, with a general coincidence of direction with 

the hill ranges bounding the valley. 

On this line likewise is situated the spot known as Naht-mi or “ the spirits fire,” thirty 

miles north by west from N ummayahn, and which is merely a spot in the jungle from which 

marsh-gas issues through cracks in the soil, and becomes, from time to time, either intentionally 

ignited or accidentally during the prevalence of jungle fires. AboveNummayahn, in the 

river bed, there is considerable disturbance, as evinced by vertical strata, and it seems probable 

that all the springs of this group rise along one and the same line of fracture, probably 

a highly contorted anticlinal, though this may not be indicated by the appearance of the 

rocks at the surface, at the actual point of issue of the springs, which may mainly depend 

on local conditions, surface arrangement, denudation, and the like. 

A little west of this lir.e occur other springs (Nos. 8, 21, 9), which may or may not 

issue primarily along the same Subterranean line of disturbance or fracture; but this is neither 

material nor possible to say. 

Associated with this system of springs may be classed the Boolay, Lay my on ng, and 

Tayzahn springs. The Boolay springs were simple wells sunk in sandstone at the mouth 

of the Boolay stream, but which have been long disused. The Laymyoung spring rises 

on the top of a low ridge forming mud pools from which a little marsh-gas escapes, much 

after the fashion of the Nummayahn springs, only much more feebly. Near the mouth 

of the Boolay stream, above where the road crosses, and close to the village of K wonbool ay, 

occurs the only hot spring known to me in Pegu, but it rises in the bed of the river, so 

that its temperature cannot he well ascertained, and sometimes it is entirely concealed 

beneath the sand. 

The third line of springs is by far the most important, embracing probably several 

closely arranged parallel lines; and if we assume theSalnigi spring on the frontier to 

belong to this group, this line would Beem to follow a curve, generally corresponding with 

that followed by the Arakan range. The Sailngi and Day-heng springs are situated in a 

line thirty-four miles long, with a general bearing north-west by north, with the Lengbhan 

and Shuagyeing springs a little on either side of it, and distant seventeen miles from the 

Arakan range. Prom Day-heng to Shah-si-bo the line is forty-two miles, with a hearing 

north by west, distant fourteen miles from the Arakan range, and marked by a perfect 

belt of salt springs. Prom Shah-si-bo southwards, the springs are rather more scattered, 

and run in a direction almost due south, the most southerly one recorded, No. 79, being 

one hundred and twenty-four miles in a straight line from the frontier spring of S ah ngi. 

This rich belt of springs is situated among a group of harsh dark indurated shales 

and sandstones; tho induration beiug variable in amount, and never approaching mefamor- 

phism, properly so called, within the area immediately adjacent to the salt springs in 

question. Pew or no fossils have been found in these rocks, certainly not within the above 

area, but their relation to the unaltered rocks of the district lends support to the view of their 

being possibly of nummulitic age. 

In view, then, of tho occurrence of these springs most numerously along lines corres¬ 

ponding to the general strike of the beds of the district, and of the direction, moreover, 

of the twin ranges which bound the Irrawadi valley; and having regard to tho indica¬ 

tions of compression aud violent disturbance winch the rocks in their vicinity often 

display; in view, too, of the association with them, on the samo lines of strike, ol the 

only hot spring in tho province, and of spots whence issue both petroleum and marsh-gas, 

we may fairly assume that they rise along widely extended lines ot disturbance, (anticlinal 

fissures most probably,) from the lower beds of the nummulitic or some still older group. 
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It may here be remarked that whereas the only known petroleum localities lie within 

the area of unaltered nummulitic strata, or of the newer Tertiaries, yet the greater number 

of salt springs lie below this horizon among the altered and presumedly lower members of 

the same group; a point which, if definitely established, as it seems to be, as far as regards 

the area hitherto subjected to examination, will not be without an important practical 

bearing in searching for petroleum, inasmuch as there is an idea prevalent that the presence 

of brine springs in this region is per se indicative of the existence below of the more 

valuable mineral. Having regard to the circumstances under which the mineral oils occur 

in America, there is nothing unreasonable in the supposition of a similar connexion existing 

between the brine springs and oil in Pegu, as is found in the new world—an idea strengthened, 

moreover, by the existence in the same districts of both oil and brine; but, as I have already 

pointed out, there seems no good reason for believing that, in Pegu, the same connexion be¬ 

tween brine springs and oil exists as in the American oil-fields. On the contrary, it would 

seem that the reverse of what occurs in America is to be anticipated here. In America 

the connexion between the oil and brine is an established fact; the first petroleum obtained 

by boring having been accidentally obtained in 1819 “in sinking wells for salt in the little 

Maskingum river in Ohio,” (Erni, “ Coal-oil and Petroleum.”) In Pegu, it would seem as 

though, if in sinking a bore, a copious brine spring were struck, this would probably indicate 

that the boring had penetrated to a horizon below that wherein the mineral oil was pro¬ 

duced. In Pegu, as in America, the oil may rise to the surface with the brine, as the 

horizon of the naptbagenie beds is higher than the sources of the brine, which is not the 

case in the American oil-field. But the non-association of the two in Pegu may, I think, 

be legitimately inferred from the fact of no indications of petroleum being known within 

the belt of rocks wherein the most numerous brine springs rise, as would hardly tail to be the 

case were the origin of the brine and petroleum in one and the same group of beds. That the 

co-existence, too, of brine springs and petroleum in Pegu is rather a fortuitous than a connected 

phenomenon (as it would seem to be in America,) is to some extent borne out by' the fact 

of petroleum occurring in the Punjab in connexion with rocks of the same geological ago 

as in Pegu, but without the accompaniment of brine springs, as in that province; so that 

our present experience may be summed up with the assertion, that whilst a copious discharge 

of brine and marsh-gas may not be without value in determining a site for sinking for 

petroleum, in ground occupied by rocks of the upper portion of the nummulitic group or any 

rocks above that horizon, yet the same indications are not to be relied on as of equal 

promise, within the area occupied by rocks lower in the series, or of greater geological age. 

It only remains to add a few words explanatory of my classing these altered or hill 

rocks as ‘ Negrais beds,’ or possibly nummulitic in part, after having, in my recent paper on 

the ‘ Axials in Western Prorne,’ included them in that group. When writing that paper, 

the age of these hill-rocks was q uite problematical, and beyond the general absence of 

fossils in the limestones and the mineral character of the beds, so different from that oi the 

recognised Nummulitics, there was little or no evidence to which group they should be 

assigned; and the balance seemed to tend towards their union with the older or axial group. 

During the following season, however, (1870-71), I accumulated evidence, ol an opposite 

tendency, not only by a more extended examination of the ground occupied by them, but I 

had the good fortune likewise to detect Nummulites in one ol the outcrops of limestone, alluded 

to by me in note at page 38 (loc. cit.), which I had not previously had the opportunity ot 

visiting, thereby demonstrating the relation of a portion at least of these bill rocks, of 

hitherto uncertain age, with the newer nummulitic group, in spite of their often excessively 

changed character, rather than with the older Axials, with which they had been previously in¬ 

cluded. I must defer, however, a discussion of this question for another occasion. 

Calcutta, ) W. THEOBALD. 

6tli August 1872. / 
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I append a list of springs, a great number of which are not included in the published 

map of the province. I have therefore spelt the whole on a uniform system as given below, 

adding the mode used in the published map, where it differs from my own. I have endea¬ 

voured to convey the sound, so that the word cannot be mis-pronouuced through ignorance 

or ambiguity. The system is that already adopted in the naming of a very extensive collec¬ 

tion of Pegu woods presented to the ‘ Phayre Museum’, -Rangoon. 

Burmese names spelt on the following system:— 

a as a in mat cat 
ah if a „ father ah 

y ft i „ sin syncopy 

ei if i „ nile neither 

0 if 0 „ pot lot 

oa if 0 „ pope soap 

u a u „ tab mwd 

00 it u „ lanar stoop 

ay a a „ patient stay 

e e „ set met 

i e „ impede concertina 

ew it e „ few new 

There is no f in Burmese, lip is its nearest representative; g is always hard. 
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Report Spelling. 

Ellalm-deng 

ECadeng-mah-ngo 

Pyenmah-choung 

Map Spelling. Remarks. 

Hlandeng One and half mile west of the village. Several wells in the 
rocky bed of a stream, and a few more a little to the eastward. 

Several wells in a small stream running into the Khyoung- 
khoung. 

Pyengmakhoung Two springs or puddles a little way apart. 

roung-ngo 

3ahn-gi 

Hpoongi 

... A strone spring with much marsh-gas escaping. Water very 
nauseous. 

Sangyee ... Several springs wit h a copious evolution of marsh-gas, but 
a feeble discharge of brine. 

Pwongyee. 

E)an-nay dah-gi 

Ki-deing. 

Boolay 

Lay-myoung 

Tayzahn 

Long bahn 

Shuay-gyeng. 

Day-beng. 

Nyoung-kein. 

Yathaya ... 

Hsengahn. 

On nay dagyce. 

Bhwet-lay 

Let myoung 

Tazan. 

Long bhan. 

... Several wells sunk in sandstone on the north bank near the 
mouth of the Boolay-choung. 

... j Springs issue feebly on the top of a small hill, with a little 
marsh-gas. 

; Several wells about one mile south by west from the village. 

Oat pho ... ... Ot pho. 

Num-may-ahn ... Na ma yan 

Pyouk-hsiaht. 

Pay-goan. 

Ynali-thyt-koan. 

Thoau-ua boung. 

Wuddau-thah. 

Bliooyo. 

Hnet wall ... 

Kahngu ehoung 

Several springs, rather feeble, but with a considerable evo¬ 
lution of marsli-gas about half a mile south-east of town 
on rising ground. 

Nos. 21 to 26 all rise along the west side of the range of 
hills running down behind Promc in a south-easterly 
direction. 

... Several wells. 

... ; The brine here rises in a sort of pocket formed by a crushed 
i anticlinal, and we have here probably exemplified the 

manner in which most of the springs reach the surface, 
[ along lines rendered pervious by extreme folding, and the 
! disruption of the lower beds. 

(33) (38). 

Zigoan-choung. 

Toung-myouk-ehoung. 
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Nos. Report Spelling. 

40—46 Hlay-gu ... 

47 Kamyeng-choung. 

48 

49 Shuaybandau. 

50 

51—53 Kweng-hlah. 

54 & 55 Oashyt-Kweng. 

56 Thayetsahn. 

57 Paybeng-goan. 

58 Chin-uah-gi. 

59 

60 Sayay-kweng. 

61 Shah-si-bo. 

62 Kway-mah... 

63 Ivhyon khya 

64 Hsi-soan. 

65 Tsahnda-choung, N. 

66 Ditto, S. 

67 

68 Piah-hoan. 

69 Boodalet, 

70 Mioung. 

71 Sahdwyngi 

72 Adwynzyn. 

73 Kayahndwyn. 

74 Minahgwyn 

75 K way choung kweng 

76 Thayet-goan. 

77 Wuddaw kweng. 

78 

79 Hlay goan. 

Map Spelling. Remakes. 

These seven localities embrace many wells ranged in a line 
one and half miles long. They are now mostly abandoned. 

There are some six wells here. 

The brine of Nos. 63, 64, and 65 said to be very salt. 

This is the most copious and important spring in Pegu. 

There is a cluster of some thirty wells here within a mile of 
this. 

Nos. 63, 64, 65, 66, 67, 70, 71, 72, 73, 74, and 79 had been already examined and fixed by 

Mr. W. Blanford. The great majority of the remainder have been visited by myself, whilst 

many of them have been independently examined by Mr. Fedden likewise. It must not, 

however, be supposed that the above list exhausts all the localities where brine may possibly 

occur, but only attempts to give as complete an enumeration as possible ol the sites where 

salt has been formerly extracted. 



74 Records of the Geological Surrey of India. [vol. VI. 

DONATIONS TO MUSEUM. 

From 1st April to 30th June 1873. 

April 25th.—Dr. Henderson.—Two specimens of Limestone and Sandstone from the 

north slope of the Korakoram Range. 

June 10th.—Government of India through A. W. Sampson, Esq., Under Secretary. 

Specimens of Earth-Oil collected by B. L. Smith, Esq., from the 
Punjab. 

ACCESSIONS TO LIBRARY. 

From 1st April to 30th June 1873. 

Titles of Bools. Donors. 

Ausset, Dolleus.—Materiaux pour l’Etude des Glaciers, Yol. I, Part IY, (1870), 8vo., 

Paris. 

Austin, James G.—A practical treatise on the preparation, combination, and application of 

Calcareous and Hydraulic Limes and Cements, (1862), 8vo., 

London. 

Blake, Wm. P.—Notices of Mining Machinery, (1871), 8vo., New Haven. 

Desor, E., et Loriol, P. de.—Eeliinologie Helvetique. Description des Oursins Fossiles de 

la Suisse, with Atlas, (1868-72), 4to., Paris. 

Dupont, E.—L’Homme pendant les Ages de la Pierre dans les environs de Dinant-sur- 

Meuse, 2nd Edition, (1872), 8vo., Bruxelles. 

Ferousson, James.—Rude Stone Monuments in all Countries ; their age and uses, (1872), 

8vo., London. 

Fritsch, Dr. Anton.—Cephalopoden der Bohjnisehen Kreideformation, (1872), 4to.. Prag. 

Fromentel, E. de.—Introduction a 1'lhude des Polypiers Fossiles, (1858-61), 8vo., Paris. 

Harcourt, Capt. A. F. P.—The Himalayan Districts of Kooloo, Lahoul, and Spiti, (1871), 

8vo., London. 

Leavitt, T. II.—Facts about Peat as an article of fuel, (1867), 8vo., Boston. 

Materiaux pour la Carte Geologique de la Suisse, Parts 6 to 9, and 11, (1869-1872), 4to., 

Berne. 

Meunier, Stanislas—Cours Elementaire de Geologie Appliquee, (1872), 8vo., Paris. 

Moreit, C.—A Practical Treatise on Pure Fertilizers, (1873), 8vo-, London. 
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Part 4.] 1873. [November. 

Note on some of the Iron deposits of Chanda, Centeal Provinces, ly Theodore 

W. H. Hughes, a. e. s. m., f. g. s.. Geological Survey of India. 

My present contribution to the Records of the Geological Survey refers to a few only 

of the deposits of iron-ore found in the Chanda district, and gives some details relative to 

the amount of ore and fuel ordinarily used in native furnaces, showing what results are 

obtained without the use of foreign slag-forming ingredients. 

I am indebted to Major Glasf urd, the Deputy Commissioner, for my quantitative figures ; 

and although it is always more satisfactory to have an accumulation of data, I think the 

six experimental trials which are recorded yield a fair indication of the work accomplished 

by the method of smelting adopted in this country. 

Iron-ore exists in great quantity ; and as it. occurs principally in the metamorphie rocks, 

it is found in those portions of the Chanda district which are to the north and east of the 

main Wardha valley coal-field. Anhydrous haematite is the most abuudant species, and it 

furnishes all the supplies for the native furnaces. It is usually compact, and is mixed up 

occasionally with some magnetic oxide and a little brown iron-ore. 

The latter variety of haematite occurs often as a coating to an interior mass of anhy¬ 

drous haematite. It presents in many instances an exceedingly beautiful appearance, having 

a clear smooth surface on the outside, and being finely fibrous on the transverse face. There 

is no difficulty in distinguishing it, for it gives a well defined bi'own streak on being 

scratched; and any person interested in possessing an illustrative mineralogieal sample of 

iron-ore, showing the passage of one variety into the other, may obtain in the Chanda 

district many such specimens as that which I have described. 

The most noted localities for abundance and excellence of ore are Dewalgaon, Gfinjwahf, 

and Lohara ; but there are several others which run them close for a place in the first rank. 

The wealth of Chanda in iron-ore is undeniable. In the form either of magnetic oxide, 

haematites, carbonate, or as laterite, one is constantly meeting with it. 

The deposit most worthy of notice which I have hitherto seen is undoubtedly that at 

Lohara. It deserves, and will some day obtain, a more than local reputation. The ore 

consisting of compact crystalline haematite or specular iron-ore with some magnetio oxide, 

forms a hill fully three-eighths of a mile in length, two hundred yards in breadth, and 

a hundred to a hundred and twenty feet in height. The main lode striking north-east by 

north can be_ traced clearly for some distance beyond the distinctive hill portion which first 

catches the eye, and its actual length if followed out (but which I am sorry to say I had 

not time to do on the occasion of my visit) would probably exceed several miles, 
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The view presented by such a mass as that at Lohara, exclusively made up of almost 

pure specular iron, it does not fall to the lot of many men to see surpassed ; and those who 

possess the opportunity of visiting this place ought to do so, and carry away with them the 

remembrance of having looked upon one of the marvels of the Indian mineral world. 

The ore at Lohrira has been analysed by Mr. David Forbes, and I extract from the 

Colliery Guardian* the following statement of its composition:—■ 

Iron, metallic ... ... ... 69-208 

Oxygen, in combination ... ... 29’376 

Manganese, sesquioxide ... ... -090 

Silica ... ... ... ... -823 

Alumina ... ... ... ... -432 

Lime ... ... ... ... -054 

Magnesia ... ... ... ... Trace. 

Sulphur ... ... ... ... -012 

Phosphorus ... ... ... -005 

lOO'OOO 

It will be seen that it is extremely rich in iron, and exceptionally free from sulphur 

and phosphorus, which are usually two of the most annoying ingredients that the iron-master 

has to contend with. The amount of silica is less than would bo presumed to exist, judging 

by the external appearance, compactness, and hai'dness of the ore. 

It is not, however, to the Lohara deposit that I wish to draw attention so much, as to 

some others, which-—since the question of establishing large iron-works in India has been 

again raised—have lately acquired increased importance, due to their propinquity to a small 

area of possibly coal-bearing-rocks, about six miles west of Chimur, which I discovered and 

mapped during the past season. 

These deposits are three in number, and occur near the villages of Bissi, Pipalgaon, 

and Batnapdr. 

(1) . Bissi.—Long. 79°28' East, and Lat. 20°39' North. The ore occurs in a lode 

about a mile directly east of the village, and contains haematite 

and magnetic oxide of iron. 

(2) . Pipalgaon.—Long, 79°34’ East, Lat. 20°32' north. An excessively fine mass 

of red hsematite, resembling that which occurs at Lohara, and 

having probably the same composition, is to be seen about three 

quarters of a mile east of Pipalgaon. The strike of the lode is 

west-north-west, east-south-east. 

(3) . Katnapub.—Long. 79°37' East, and Lat. 20°23' North. A very rich lode of 

brown iron ore, forms a ten-ace on the north side of the small 

range of hills facing Alisdr. The width of the lode in places 

is 40 and 50 feet. 

The coal rocks which I have refereed to as giving increased importance to the deposits 

just described, occupy a somewhat restricted area. I have not been able to prove the actual 

existence of coal by the discovery of an outcrop; but Davnuda and Kamthi strata occur; 

and a very few shallow borings, not exceeding 300 feet at the utmost, sunk between Morepah 

* Colliery Guardian, 13th September 1873. 
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and Bandar* ought to determine the question. I do not entertain the idea that there 

is any present chance of profitable blast-furnaces being erected in the Chanda district. 

We have a long pupilage to go through before we can work successfully with such coal as 

has hitherto been found in the Wardlia valley field. It may, therefore, perhaps ho urged 

that if this be the case, there is no immediate necessity for proving the ground which 

I have pointed out. But I am writing with the full knowledge that there is a boring 

establishment at Warora, and that possibly if the present opportunity of profiting by 

it be neglected, many years may elapse before mechanical means are again available for 

purposes of exploration. Should the borings which I recommend be carried out, we shall 

gain positive knowledge in reference to the rocks, and if there be no coal, we shall not be 

indulging in vain speculations regarding the utilization of the iron ore deposits to which 

I have drawn attention. 

The native furnaces of Chanda are somewhat taller and larger than those commonly in 

use in Bengal. Several that I measured were nearly 6 feet in height, owing to a prolongation 

upwards of the front face of the furnace, the use of which is to back up the ore around the 

feed-hole. The height of the actual working shaft varies from 4’ 6" to 5 feet. 

The section of the furnace is that of a cone, its internal diameter diminishing from 

T6” at a height of six inches above the hearth to three quarters of a foot at a height of 

36 inches above it. 

The hearth, as is usual, slopes from behind forwards, and the bloom is taken out through 

the face. 

The twyers are 9 inches long, 11 inches in diameter at the larger opening, and fths of an 

inch at the smaller. The bellows for producing the blast are usually worked by hand. 

I need not refer to the method of smelting, further than to say that it is similar to the 

mode in use in other parts of India, and I will now give the results and details of the six 

experiments which Major Glasfurd undertook to have made. 

Three experiments were conducted in the Miihl TahsD, at Chikli, Gulab-bhuj and 

Metegaon ; and three in the Brahmapuri Talisil, at Armori, Dewalgaon and Injhewara:— 

Village. 
Iron ore 

used. 
Charcoal 

used. 
Iron 

yielded. 
Cost of iron 
ore and char¬ 
coal used. 

Value of iron. 
Wages of 2 

men. 

Seers. Seers. Seers. Es A. P. Es. A. P. Es. A. P, 

Muhl.— 

Chikli. 49 82 171 0 9 0 10 0 0 4 0 
Gulab-bh&j . 65 88 131 0 9 0 0 13 0 0 4 0 
Metdgaon . 72 90 214- 0 9 0 13 0 0 4 0 

Brahmapuri.— 

Armori. 37 £ 68 12 0 4 6 0 9 7 0 3 2 
D6walgaon . 52 114 12 0 4 6 0 8 10 0 3 2 
Injhewara . 44 88 121 0 5 10 0 10 0 0 3 2 

In these returns there is a great discrepancy in the price paid for charcoal and ore in the 

Mhul and Brahmapuri Tahsils. Compare, for instance, Chikli (49+82 seers for 9 annas) 

Morcpab: Long. 79° 21' East; Lat. 20°33' North. Bandar, Long. 79"21' East; Lat. 20° 30' North, 
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and Dewalgaon (52+ 114 seers for 4a. 6p). The yield of iron also shows great disagree¬ 

ment. At Ddwalgaon 52 seers of ore produced only 12 seers of iron, whereas at Chihli 49 

seers produced 17f. It may be that a poorer class of ore was used in the one instance 

than in the other, hut I scarcely think this can be the case, for I have always observed that 

the natives invariably used ore having the same average composition. And an analysis of 

the Dewalgaon ore shows that it contains 70 per cent, of metallic iron. 

If we calculate the proportion of the amount of charcoal used to iron ore, and the 

proportion of the amount of ore employed to the iron produced, we find: 

Village. Proportion of ore to charcoal. Proportion of ore to iron. 

Ore. Charcoal. Ore. Iron. 

Chikli 1 to 1-7 3 to 1 
Giilab-bhuj 1 „ 1-4 5 „ 1 
Met^gaon ... 1 „ 12 3'5 „ 1 

SrakmdpuH 

Armori 1 „ 1*8 3 „ 1 
Dewalgaon 1 „ 2'2 4-3 „ 1 
Injh6wara 1 „ 20 3o „ 1 

The iron referred to above, which is called hit by the Maharattas, is a mere mass of 

spongy iron, slag and charcoal, and has to undergo two refinings before being sold as 

malleable iron. In the first operation it is manipulated by the men who reduce it from its 

ore. They heat it in a refinery, and then hammer it, whereby the slag is more or less 

completely extruded and the iron consolidated into a compact bloom. It loses considerably 

in weight during this process, and the mass formerly weighing, say 14 seers, is diminished to 

10 seers. The amount of charcoal consumed is stated to be 20 seers, or perhaps a little less. 

The bloom is then cut partially in half and is called Chul, and is sold to the regular metal¬ 

workers (lohars), These men clean it again, by which its weight becomes still further 

reduced, fully one-third and sometimes one-half of it being lost; and it is by them worked 

up into various household and agricultural implements. 

Applying the foregoing observations (by taking the mean of the Muhl figures) to 

arrive at the average proportions of iron-ore and charcoal used in producing iron ready for 

being actually worked up, it appears that— 

(a.) Seventeen and a half seers of iron are produced from 63 seers of ore and 

87 seers of charcoal. 

(b.) In the first refining operation, 20 seers of charcoal are used, and the iron loses 

5 seers in weight, reducing it to 12j seers. 

(c.) In the final refining operation about 10 seers of charcoal are consumed, and 

clean workable iron, weighing 7 to 8 seers, is obtained. 

Thus, 63 seers of ore and 117 of charcoal are required by the native method of 

smelting as carried on in Chanda to produce 8 seers of metal. Or, stating it in current 

English terms— 

8 Tons of ore 

and 

14JTons of charcoal 

Are used in the manufacture of 1 Ton 

of wrought-iron. 
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There is no occasion in the present number of the Records to treat the subject of cost 

in its various branches, nor need I enter upon a discussion of the commercial aspect of the 

iron trade of Chanda. I hope to dwell at some length upon both these topics when giving 

a detailed description of the Wardha valley coal-field. 

For the present, I wish to draw attention to lrf, the richness of Chanda in iron-ore; 

2nd, the circumstance of the probable favorable association of coal and iron-ore; 3rd, the 

proportional consumption of raw materials in the manufacture of native wrought-iron. Of 

course, should furnaces intended either for the making of pig-iron, or for the production of 

wrouaht-iron by the direct pro.cess, be ever erected on a European scale, the data afforded by 

observations on the liliputian works of the natives of the country will be matter for curiosity 

rather than of practical interest. 

Calcutta, 1 T. W. H. HUGHES, 

lsi July 1873. j 

Babeen Island and Nabkondam, by V. Ball, M. A., Geological Survey of India. 

In the month of March last, a few hours were spent on the two Islands whose names 

are given above by a party consisting of Mr. Hume, Dr. Stoliczka and myself. Although 

the time at our disposal did not admit of extended exploration, still an opportunity was 

afforded of checking the accuracy of the accounts which have been previously published. 

Having consulted every notice of these islands which, so far as I have been able to 

ascertain, have hitherto been published, I have been astonished to find how inaccurate has 

been the information upon which the accounts in Geological Manuals and other works have 

been founded. 

In the present paper I have devoted several pages to an abstract of these accounts, and 

have pointed out the errors and traced, so far as is possible, their origin. 

Dr. Liebig’s paper on Barren Island which contains the fullest and most accurate account 

of the island hitherto published, does not appear to have reached the hands of several 

authors who have since its publication repeated the old statements in their works. 

Barren Island and Narkondam are two volcanic, islands situated in the Bay of Bengal 

at a distance of 70 miles from one another on a north-by-east, south-by-west line. They 

constitute links which connect what is known as the Molucca band with the volcanic region 

of Arracan and Chittagong, and of which Mrs. Somerville has written as follows:— 

“One of the most terribly active groups of volcanoes in the world begins with the 

Banda groups of islands, and extends through the Sunda groups of Trimor, Sumbawa, Bali, 

Java, and Sumatra, separated only by narrow channels ; and altogether forming a gently 

curved line 2,000 miles long; but as the volcanic zone is continued through Barren Island 

and Narkondam in the Bay of Bengal and northward along the Coast of Arracan, the entire 

length of the volcanic range is a great deal more.” 

Dr. Hochstetter carries the line of elevations which accompanies the zone of volcanic 

action still further, in an oblique S. form, through Hew Guinea to the north of the 

Australian continent. “ It forms in New Ireland, the Solomon Islands, New Hebrides and 

New Zealand a curve, concave towards the west, the small group of the Macquarie Islands 

being possibly considered as the extreme southern end of this curve.” 

So far as is known, there are no volcanoes in either the Nicobar or Andaman Islands. 

It has been by some supposed that the hill on Bompoka in the Nicobars and some of the 
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high ground in the great Nicobar might be volcanic, but the evidence is rather against than 

in favor of this view. Plutonic rocks (diorite and gabbro) not unfrequently occur how - 

ever in both islands. A statement made in an old account of the Cocas, that the little Coco 

is formed of volcanic roclcs, is quite without foundation. 

Barren Island, Lat. 12° 17', Long. 93° 54'. 

History of the island derived from previous notices.—In the table appended I have 

given a precis of all that has been published on the subject of Barren Island ; but a few 

additional remarks tracing out the way in which certain inaccuracies have arisen seem to 

be desirable. 

The first account was by Captain Blair, in his report on the Andaman Islands, dated 1789. 

I have not seen the original document, but the account was extracted and reprinted by 

Lieutenant Colebrooke in the Asiatic Eesearches, It has served for many years as the text 

upon which the descriptions published in various Geological Manuals have been founded. 

Captain Blair gave the height of the central cone at nearly 1,800 feet, and the angle of 

the slope at 32° 17'. Were it not stated that the cone was equal in height to the outer walls 

of the surrounding part of the island, we might, in consequence of Blairs’ oft proved 

accuracy as an observer, be disposed to believe that at the time of his observation the cone 

was nearly double its present height. That there has not been a general subsidence of the 

island to the extent of 800 feet is proved by the fact that the base of the cone was then, as it 

is now, but little raised above the sea level. Blair himself states that it may be seen at a dis¬ 

tance of twelve leagues in clear weather, which would only require an elevation of about 

920 feet. I can only suppose, as an explanation of the difficulty, that Blair took several 

heights which varied between 800 and 1,000 feet, and that those, by some error, came to be 

written together as 1,800. 

The angle of inclination of the sides of the cone is given by Blair at 32" 17'. This 

nearly corresponds with the mean of my observations, which ranged between 32° and 

35°. These angles also agree with those on a photograph which I possess. Dr. Liebig, 

Dr. Playfair and others have given it at from 40° to 45°. 

The sketch by Lieutenant Wales given in Lieutenant Colebrooke’s paper, save that it 

represents an inclination of about 60° to the sides of the cone, conveys the best idea of the 

island of any of the numerous figures which have been published. It was reproduced by 

Yon Buell, and copied from him by Sir Charles Lyell, Dr. Daubcny, Dr. Buist, &c. Yon 

Buck, in his “ Menfoir on the Canary Islands,” gives the height of the cone at 1,690 Paris feet. 

His account, though apparently derived from Lieutenant Colebrooke’s paper alone, contains 

the statement that the sea penetrates into the circle at the base of the cone. This can only 

have been due to some misapprehension of the meaning of Blair’s words, which were as 

follow: “ Tko base of the cone is the lowest part of the island and very little higher than 

the level of the sea.” 

Sir Charles Lvell, in the earlier editions of the ‘Principles,’ framed his account from Von 

Buch’s. In the changes from English into French, and back again into English, the elevation 

of the cone became increased by 48 feet, standing in the 7th edition of the ‘Principles’ 

(1847) at 1,818 feet. It is also there stated that the circular basin inside is filled with the 

waters of the sea, lu the 9th Edition, 1853 (I have not been able to refer to the 8th), Captain 

Miller’s estimated elevation of 500 feet is adopted instead of the former one ; but the statement 
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regarding the sea inside still remains. In the 10th Edition (1868) Captain Miller’s estimate 

of 500 feet, as the height in 1834, is retained ; but it is stated that according to Yon Liehig 

in 1857, both the cone and outer crater were about 1,000 feet high, and in reference to the sea 

we find the following : “ In some of the older accounts the sea is described as entering the 

inner basin, but Von Liebig says it was excluded at the time of his visit.” I believe this 

statement regarding the sea to have arisen solely in the way I have pointed out. It is 

important that there should be a clear representation of the ease, as otherwise it might bo 

concluded that we have evidence of the rising of the island within the historical period. 

The next account to that by Blair is by Horsburgb, about which there is nothing parti¬ 

cular to remark here, save that he asserts that in 1803 the volcano was very active (see 

table). 

Dr. J. Adam’s account is derived from information and specimens received from a 

friend who had landed on the island in 1832. He speaks of the stones on shore hissing and 

smoking, and the water bubbling all round them. The statement has apparently been under¬ 

stood by one writer to indicate that the lava had not then cooled down. But the hot spring 

was probably quite sufficient to account for the phenomena observed. This is the first 

mention made of the hot spring. The author supposes that the volcano is only active in 

the south-west monsoon, i. e., requires water to bring it into a state of activity. Apart 

from other considerations, it is Only necessai'y to say that the only authentic account of it in 

a really violent state of eruption is by Blair, who saw it on the 21st of March, and therefore 

not in the south-west monsoon. Captain Miller’s account is very inaccurate in several respects. 

He has given the height at 500, and the angle at which the cone rises at 45° or even more. 

If the elevation of the cone in his time were only so much, then, since he states that this 

was also the elevation of the outer walls or amphitheatre, both must have increased pari 

passu. This view is of course untenable, and we are forced to believe that Captain Miller 

only gave a rough guess. His remarks on the vegetation are quite inconsistent with one 

another, for he says,—“there is no vegetation of any kind within the amphitheatre, but 

a few small trees are found on other parts of the island, which, however barren it may 

have been at one time, is now well wooded." 

Dr. Daubeny, in his description of Barren Island, though quoting from Lieutenant 

Colebrooke, gives the elevation of the cone at 4,000’, which must have been due to a clerical 

error. A somewhat modified reproduction of the original sketch is given. 

Mr. Scrope, in his work on Volcanos (2nd Edition, Land., 1862), writes regarding 

Barren Island: “ This permanently active volcairo is a cone about 4,000 feet high, rising 

in the centre of a circular cliff range, which entirely surrounds it except at one point 

where the sea has broken in.” Though the authority is not given, it is evident that this 

account is derived from Dr. Daubeny's, as the elevation is not given at 4,000' in any 

other work. 

In 1846 the island appears to have been visited by the Danish corvette Galatliea, but 

the only record of the fact which I know of is an inscription on a rock on the island— 

“ GALATHEA, 1846.” 

In the Bombay Times for July 1852, on the authority of Dr. Buist, it is stated that 

the volcano was very active, but I have not been as yet able to refer to the original 

account. 

The chief points in the accounts subsequent to the above will be found incorporated 

below. Dr. Playfair, Yon Liebig, and the Andaman Committee agree in estimating the 

angle of the cone at 40° to 45°, and the elevation at from 975—980 feet. 
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From the preceding we may gather the following. The volcano has probably not been 

in violent eruption since the years which closed the last and commenced the present century. 

The lava-flow which stretches from the entrance open to the sea to the base of the cone 

was probably poured out during this period, and raised the level of the encircling valley 

some 40' above its elevation in 1789, when Blair saw it. He makes no mention of a lava 

stream in his time. If it did not exist then it cannot—as has been supposed by some—have 

been instrumental in the formation of the entrance. That this fissure was probably due to 
other causes we shall presently see. 

From Lieutenant Wales’ figure it is apparent that no material change has taken place in 

the general configuration, and as it has been shown that 1,800 feet cannot have been the true 

height, and about 020 probably was, no great alteration in the level is likely to have 

taken place. 

General appearance of the Island.—Seen from, any side but the north-west, Barren 

Island appears as a nearly flat-topped hill with numerous spurs running down into the sea. 

From some aspects, however, the top of a central cone with a column of smoke rising from it 

is discernible. 

As the north-west side opens up to view, it is first realised that the island consists of 

a circular ridge forming a huge amphitheatre, which is broken down at one side for a dis¬ 

tance of perhaps 150 yards to the level of the sea. The view obtainable through this entrance 

discloses a bare cone which rises from the centre of the valley. Except at a sort of shoulder 

not far from the top, and at two peaks close to the summit, no rocks are seen on this cone, 

its smooth sides being covered with grey ash and occasional strings of shingle. Towards the 

top some whitish patches are seen, due to the presence of gypsum mixed with the ash. 

The total diameter of the island is, on the authority of Lieutenant Heath cote, 2,970 yards. 

The circuit of the island, from the time it took us to row round, I estimated at about six miles. 

The high encircling ridge is formed of somewhat irregularly deposited layers of lava, ash 

and conglomerate, which dip away from the centre. A section of these may he seen on the 

left hand of the gap or entrance, and others at various points on the sea-face, no two of 
them corresponding exactly in character. 

These beds or layers generally dip at angles of 35°—40°, which inclination appears 

to he continued steadily under the sea, as bottom, except at one place, has not been found 

with a line of 150 fathoms at £ of a mile from the shore. This steepness has been un¬ 

favourable to the formation of a fringing reef of coral of any magnitude, such as we find 
surrounding some of the Andaman and Nicobar groups. 

The elevation of this outer ridge varies somewhat in places, but it probably nowhere 

is much in excess of 1,000 feet. Its highest points are towards the south and west. 

The appearance presented by the inner scarped face of this amphitheatre is very 

peculiar. In several places cornice lines mark the position of particular beds, but a 

purplish grey, or in places brownish, ash spreads over the steep slopes, except towards the 

south-west and ivest, where there are some trees and shrubby vegetation. To the north, south 

and east a few tufts of grass—generally arranged in long vertical lines, the first being a sort 

of protection to those hulow it—are the only plants which have managed to establish a footing 
in the loose ash. 

The outer slopes facing the sea are for the most part covered with a luxuriant vegetation, 

in which large forest trees may be discerned. These latter attract considerable numbers of 

fruit-eating pigeons (Carpophaga bicolor). 

From its composition and character, it is evident that this ring of cliffs is the remnant 

of the original cone which gradually rises from below the sea. Its top and a portion of the 
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side were, no doubt, blown off by a violent eruption, and tbe present cone was subsequently 

formed inside. 

For a long time Barren Island was considered by Yon Buch and others of his school 

as a most favourable example of his elevation theory of craters. 

The gap or fissure in the surrounding walls bears about north-west-by-west from 

the centre of the island. It is the only place where an entrance can be obtained to the central 

valley. 

Hot Spring.—Close to the landing place, there is a hot spring which has been mentioned 

in several of the accounts of the Island. Dr. Plaj’fair found the temperature to exceed 140°, 

—the limit of his thermometer. Dr. Liebig’s thermometer was only graduated up to 104°, 

but judging from the feel to the hands, he estimated it to be Bear the boiling point. The 

Andaman Committee record it at from 158° to 163°. At the time of our visit the highest 

temperature of the water where it bubbled out of the rocks, close to high watermark, was 

130° F. We failed to boil some eggs in it which we had brought with us for the purpose. 

The water is perfectly clean and sweet,* and there was no trace of sulphureous vapours. 

Strange to say, where, though mingled with the sea, it was still too hot for the hand to he 

retained in it with comfort, there were a number of brilliantly colored fish swimming about. 

Facing the landing place is the termination of a flow of lava which extends backwards 

from this for about a mile to the base of the cone, round which it laps for perhaps f of the 

circumference. The height or thickness of this flow of lava is about 10feet at first, gradually 

rising to 50 feet where it emerges from the base of the cone. The upper surface is deeply 

cleft and covered over with blocks of black cellular lava which rest upon one another in con¬ 

fused piles. Sometimes they are poised so insecurely on one another that it is a matter of 

some risk to attempt scrambling over them. Towards the base of the flow the rock from its 

slower cooling is more compact and less cellular. In places it contains white crystals of a 

mineral resembling lencite. In others it is a true basalt with numerous crystals of olivine. 

As pointed out by Dr. Leibig, the older lava seen in the section of the ridge differs from 

this ; it consists of a reddish matrix with crystals of felspar (probably sanidine), olivine, and 

augite. A somewhat similar rock occurs on Narkondam. 

On our way to the central cone from the landing place we at first endeavoured to avoid 

the rough surface of the lava-flow by keeping on the slope of the gap; but after a short 

distance tbe bushes and unevenness of the grouud compelled us to strike down on tbe lava, 

when we found, to our astonishment, a sort of path which must have been made by the 

committee sent from Port Blair to report upon the grass. 

Arrived at the foot of the cone, we commenced the ascent from the west. The loose 

ashes and shingle rendered it somewhat toilsome work ; and those in front found it difficult 

to avoid loosening fragments of lava which hounded down the hill in a most unpleasant way 

for those who were following. 

Dr. Liebig appears to have ascended from the north side, where it seems to have been 

equally difficult. 

About if of tbe way from the top there is a shoulder of rock which shows very well in 

the photograph. This probably marks the position of an old vent. There is a good dea. 

of firm ground about it. 

The summit of the cone is truncated, and contains an oval-shaped depression, one-half 

of which is 'partly filled with debris, and the other, some 20 yards in diameter and 50 feet 

* The Andaman Committee do not appear to have realised this fact, as they spent no little time and trouble 

in excavating a well without finding a trace of water. 
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deep, lias a circular bottom, which is filled with sand. This appears to have been the last 

crater formed on the island. 

The two principal edges of the depression strike to north-west, south-east; they consist of 

ash permeated with fibrous gypsum (selenite) ; numerous cracks and fissures occur in this 

part of the hill, and the ground is hot. On turning over the surface, the sides of these 

cracks are found to be encrusted with sulphur, resting upon the rugosities of which small 

detached crystals of the same mineral were not uncommon. From the highest point on the 

northern edge a thin column of white vapour and sulphureous fumes is slowly poured forth. 

Even when standing in its midst, the fumes did not prove so irritating a might have been 

expected. 

On the southern side of the crater there is some solid lava in situ, and on the west there 

is a peculiarly shaped mass which forms a conspicuous object from below. Some of the lava 

here has a reddish matrix and is somewhat vesicular. I also found some basalt, the outer 

surface of which was weathered into a white crust. 

It seems probable that the nucleus of the cone is solid rock to a considerable extent, the 

ashes seen at the surface being only superficial. 

By following water channels when they were to be found, and glissading over the ashes, 

the return to the base of the cone was effected speedily and without much difficulty. 

By a small watch-aneroid supplied with a Vernier scale for feet, the height of the cone 

is 950 feet; but as one heavy storm of rain had passed, and clouds portended another, I am 

willing to believe that owing to the atmospheric disturbance the observation was not trust¬ 

worthy, and that from 975 to 980 feet given by Lieutenant Heathcote, Dr. Liebig and others 

is the true elevation. The temperature on the top was 83°. 

The diameter of the base of the cone is 2,170 feet according to Lieutenant Heathcote. 

The slopes of the cone incline, according to my ohservation, at angles varying between 30° 

and 35°. Blair gave it at 32° 17', or about the mean of these two. Other observers say 40° 

to 45°, hut the photograph of the cone shows that the former is correct. 

Dr. Liebig has discussed the question of the amount of sulphur obtainable on the island. 

He seems to think the chances of finding a permanent supply very doubtful, but recom¬ 

mends a preliminary trial. 

Considering the great expense which keeping up constant communication with the 

Andamans and the superintendence of convict labour would involve, I cannot see that 

there is any prospect of the collection and refining of the sulphur being made to pay. 

So far as is known, the substance occurs only at the summit of the cone, though, doubt¬ 

less, if the right places could be found, it does also occur lower down. But in such places, 

it could only be as an old deposit which, on being worked out, would not be replaced again. 

On the summit the deposit, so far as I could see, proceeds very slowly, certainly not with 

sufficient rapidity to keep laborers constantly employed. 

Naekondam, Lat. 13° 24'; Long. 94° 121. 

History and previous notices.—So little has been published regarding this island that a 

few lines will suffice to dispose of all that has ever been recorded regarding it. 

In 1795 it was passed by Colonel Symes* when on his voyage to Rangoon, whence he 

started on his embassy to Ava. He speaks of it as “ a barren rock rising abruptly out of 

the sea and seemingly destitute of vegetation.” 

Embassy to Ava, Vol. I, 1827, p. 167. 
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Dr. McClelland, writing in 1838,* says: “It is a volcanic cone raised to the height of 

7,800 feet. He gives a sketch showing the figure of the cone, the upper part of which is 

quite naked, presenting lines such as were doubtless formed by lava currents descending 

from the crater to the base, which last is covered with vegetation.” No soundings are to be 

found at the distance of half a mile from the shore. This account is reproduced by Mrs. 

Somerville, Dr. Daubeny, Dr. Buist and Mr. Scrope. 

Horsburghf says—Narkondam may be seen about 14 or 15 leagues from the deck, and 

appears in the form of a cone or pyramid with its summit broken off; it is bold and safe to 

approach all round. 

Mr. S. Kurz, in his report on the vegetation of the Andaman Islands, writes: “ Narkon¬ 

dam Island has an extinct volcano remarkable for the great height of its cone, being twice as 

high as its outer wall. Owing to the great height of the cone (perhaps 2,000 feet) in pro¬ 

portion to the surrounding wall, this island must have sunk very much, or the volcano must 

have been formed from a considerable depth in the sea.” Mr. Ivurz gives an outline 

sketch of the island as it appeared to him from a distance of 20 miles. 

In a paper on the geology of the neighbourhood of Port Blair, I made a few remarks 

on the appearance of Narkondam as seen from a few miles distance. In it I accepted the 

height of the cone, 2,150, given on the chart, as authentic. This, it will be seen by the 

sequel, I do not now adopt as correct. In the Indian Observer for the 10th of May a short 

account of the present visit will be found. 

"Viewed from the north-west at a distance of about 4 or 5 miles the island of Narkon¬ 

dam appears to consist of a tolerably regular cone which rises from an interrupted ring of 

irregularly piled masses. The apex is somewhat truncated, but has three distinct peaks. On 

the occasion in 1869 when I first saw the island a dense mass of cloud rested on the top, and 

I was unable to make out the character of the summit. But when subsequently scon, it was 

observed that there were three peaks as represented in the sketches published by Mr. Kurz 

and Dr. McClelland. The upper parts of the cone and the sides for more than half way 

down are deeply furrowed by ravines, and what appears to be a low scrub jungle spreads 

uniformly' over the island save upon some vertical scarped faces. 

With the general consent of those who have seen it, the conical form has been accepted 

as a proof of the volcanic character of the island. Dr. McClelland, as noted above, speaks of 

the lined appearanoe being “ doubtless formed by lava currents descending from the crater to 

the base.” These lines are, however, simply the result of erosion, and mark the position of the 

watercourses. 

The elevation of the summit of the cone has been vaidously estimated at from 700 to 

2,150 feet. Since however, according to Horsburgh, the island first becomes visible from the 

deck of a steamer at a distance of from 14 fo 15 leagues ; it is probable that about 1,300 feet 

would be nearer the true altitude, and such indeed, judging by the eye, ajipears to be a very 

fair estimate. 

On the occasion of our visit we landed in a small bay on the north-west side of the island. 

At about 100 yards distance from the beach the water became so shoal that we were compelled 

to land on a raft. We soon found that the jungle which, in the distant view, appeared to con¬ 

sist mainly of low scrub was really composed of large forest trees with a thick undergrowth. 

So dense was this, just above high water mark, that at first it seemed probable that it would 

be impossible to penetrate it. Added to the natural density of the jungle, another obstacle 

was presented by the prostrate condition of many of the trees, which in their fall had carried 

* On the difference of level in Indian Coal-fields, J. A. S. B. VII. Also in the Coal Committee’s report, and in 

Corbyn’s Indian Review. 

t Indian Directory, 6th Ed., Vol. II, 1343, p. 66. 
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down tangled masses of creepers and the lower vegetation. It soon became apparent that at 

no very distant period a violent hurricane or cyclone must have swept across the island. 

An entrance was at last found, and for three hours, cutting our way and making con¬ 

stant detours to avoid fallen trees, we endeavoured to force onwards to the summit, hut 

were at length compelled to give up all hope of succeeding and returned to the beach- 

Further evidence of the hurricane was there afforded by numerous fragments of a wreck 

which had been thrown up on the sand. Subsequently this storm was identified with one 

which took place on the 20th of October 1872, and did much damage in the Cocos Islands 

and other parts of the Bay. 

The only rock seen where we landed was a conglomerate, or boulder bed some 50 feet 

thick. The boulders consisted of a trachytic porphyry which contained sanidine, augite, and 

mica in grey or pinkish matrices. We discovered no evidence whatever of recent lava or 

basalt occurring, though either or both may exist, as our observations were confined to one 

small bay. 

Notwithstanding the luxuriance of the jungle which included species of Ficus, Palms 

(Caryota), Acasia, Calosanthes, &c., no fresh water was discovered. 

Much remains to be done in the exploration of this most interesting volcanic island. 

It is particularly desirable to ascertain whether there is really a crater at the summit, and 

whether there are any traces of recent lavas. 

Future visitors would do well to provide themselves with some wood-cutters. They 

should land near the northern spur, and getting then on the steady rise, they will probably 

find no insuperable obstacle on their way up. 

Stray Notes on the Metalliferous resources of British Bubmah, by W. Theobald, 

Geological Survey of India. 

Though little that can, strictly speaking, he called precise information respecting the 

mineral wealth of Burmah exists, either as regards the value or extent of its presumed 

mineral sites, yet it may he not without interest to give a brief sketch of what stands 

recorded on the subject, leaving for future investigators the task of sifting these statements 

and determining the importance in an economic point of view of each separate locality. 

A general impression is undoubtedly prevalent that considerable metalliferous resources 

exist in Martaban and Tenasserim, and that it only requires a thorough examination 

of these districts to establish the fact in a manner sufficiently clear and precise to 

tempt the European speculator and capitalist into the field, and originate a new and thriving 

braneh of industry which would soon prove of great value to the province. Unfortunately, 

nothing very tangible is known, though the matter lias never been quite lost sight of, and has 

attracted the attention of district officers, among whom Mr. OTiiley in Martaban, and 

Major Malcolm Lloyd in Tounghoo, may be prominently mentioned. A serious cause, however, 

of error, and of a too favourable view being taken of the productiveness of a new mineral 

locality, lies in the fact that undue importance is too commonly attached to the result of an 

analysis of a small specimen, which in reality affords uo criterion whatever of the value 

of the discovery in an economic point of view, since the actual richness of the ore is perhaps 

the least important element to be considered ; the two far more important points for con¬ 

sideration being the amount of ore procurable, and its position as regards water carriage, 

and other facilities for its extraction and reduction. Of course, all other conditions being 

equal, a rich ore is more valuable than a poor one; hut the mere analysis of a small specimen 

of ore, how rich soever it prove, is no criterion whatever of its economic value, or whether it 

can be profitably worked. A reduced copy of Mr. O’Riley’s map of Martaban, showing 

mineral sites, is published herewith for general convenience. 
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The only ores which need be noticed for practical purposes are those of iron, tin, lead, 

copper, antimony, none of which, save iron, are known to occur West of the Sittoung, 

but are confined to the belt of country running up from the British boundary on the 

Pakchan creek in Latitude 10'J North to the frontier in Latitude 19° 30'. This tract of 

country differs essentially from the ground West of the Sittoung, the former being composed 

of several groups of beds of Palaeozoic age, both altered and unaltered, together with meta- 

morphic rocks seemingly azoic, the whole being traversed by granite and elvan dykes and 

pierced by numerous hot springs, whilst the latter is wholly made up of Secondary and 

Tertiary rocks, the newer greatly predominating; and wherein intrusive rocks are next to 

unknown. Physically also, and as regards climate, the country East of the Sittoung differs 

no less from that West of the river, than it does geologically. Martaban is essentially a 

mountainous country with lofty chains stretching in a north-north-west direction, some of 

whose peaks rise to 6,000 or 8,000 feet, and would afford some of the most charming sanitaria 

in India were they only a little more accessible to those who might be benefited by a resort 

to them. As a result of the geological constitution of the ground, copious and perennial 

springs abound and give rise to a charming verdm'e and coolness even over the lower 

elevations to which I know of no parallel elsewhere; and though said to be unhealthy (how 

truly I know not), the pine forests of the Youzaliu are among the coolest and pleasantest dis¬ 

tricts, as far as temperature goes, which India can offer. It is this very district which, according 

to common report, teems with mineral wealth; but a most unfortunate drawback to its proper 

investigation is its wildness and want of population, which means also want of roads of 

any sort, and difficulty in the matter of supplies, not to allude to risk of sickness (a common 

concomitant, among camp-followers at least, on a greatly reduced temperature), and the attack 

of plundering bands, which find a sort of happy hunting ground along all this difficult wild 

country adjoining on the Karen-ni and Zimmay territories; traders and travellers being 

the special victims of theso freebooters. The regular dacoit, moreover, is not the only 

‘ conveyancer’ to be dreaded ; as it was but little moro than a year ago that the entire police 

guard escorting some treasure, belonging to a trader, appropriated the money and then 

humourously stepped across the frontier with their arms, accoutrements and all as they 

stood, heedless of tho feelings of disappointment, if not shame, which their dome so must 

have caused their comrades whom they left behind. 

Iron.—Excellent ores of this metal occur both in Pegu, Martaban and Tenasserim, 

and in former days were smelted by the Burmese, but the manufacture is no longer to my 

knowledge carried on in British Burmali, though iron is still made in Upper Buimah, 
near Puppadoung, from ores similar to that formerly used in the Promo district. In Pegu 

(Eastern Prome) the ore occurs in tho form of concretions of an earthy hydrated peroxide 

disseminated through the newer Tertiary beds which are there so extensively developed, and 

of which an account is given in the Records of the Geological Survey of India for 1869, page 

83. East of the Sittoung tho ore usually met with is the magnetic, a mixture of the 

protoxide and peroxide, often occurring in thick beds or lodes, and a valuable ore for smelting. 

Specular iron also occurs as an integral constituent mineral iu some of the crystalline schists, 

and has from its brilliancy been mistaken for galena. 

Mr. O'Riley remarks that “iron occurs abundantly in the lower ranges of the hills to the 

east of this station” (Shuay Ghyin), and the same valuable ore, the magnetic oxide, is known 

also to occur in Tavoy; but these deposits will probably not prove remunerative to work for 

many years, or till the difficulties which of late have threatened mining industry in England 

shall have become more weighty and confirmed. 

Tin.—This metal is unquestionably the most important commercially of any produced 

within our Eastern possessions. Though beyond some workings near Malee-wan on the 

Pakchan river, near Latitude 10° 10' North, the ore is nowhere systematically worked 
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on a large scale within British territory. South of the Pakchan stream the richness 

of the tin washings derived from the degradation of a stanniferous granite, in which the 

tinstone occurs as one of the integral constituents of the rock, is well known, and reference 

may he made for information connected with this question to a report of Dr. Oldham, 

published in Selections from the Records of the Government of India, No. 10, page 56. 

But the fact of most interest as regards British Burmah is, that this stanniferous granite 

and its associated deposits of stanniferous gravel, stretches up as far north as the parallel of 

Tounghoo, east of which station on the eastern slopes of the Pounglong Range, the metal has 

from time immemorial been worked, by the Karen-ni, or Red Karen tribes within whose terri¬ 

tory it lies. Tin ore has long been known to occur in the streams discharging into the Henzai 

basin in Latitude 14° 40' and also at “ Chando near Palouk, about two days journey from 

the sea, halfway between Morgui and Tavoy” (vide Gleanings of Science, vol. I, page 143); 

but how far to the north of Tounghoo this stanniferous granite continues, is not known, though 

as likely as not for 500 miles or more. As the tin works above alluded to at Kamapew, are 

some 2 miles beyond British territory, it is veiy important that Mr. O’Riley has traced the 

ore across the range of hills into the drainago basin of the Sittoung; and to Mr. O’Riley 

belongs the credit of having first drawn attention to the above fact. His words are 

as follow: “ Tin: of the existence of this metal within the area of this district, I was 

convinced from having ti'aced the stanniferous formations of the “ Ivaimapyu” which fall 

into the Salween, across the ranges of hills, whose drainage flows into the Sittang valley, and 

on forwarding to the Karens specimens and instructions, I was enabled to procure the 

specimens A. B.” Of course Mr. O’Riley may have been misinformed, and the specimens 

m question may in reality have come from the Eastern, Salween valley, side of the hills 

and not from the British or Sittoung side; but as Mr. O’Riley was fully aware of the 

importance of this point, I am prepared to believe his statement in this particular to be 

correct. Mr. O’Riley goes on to add: “ The specimen A exists in the hills north of the 

Youktkwah river, within the Tounghoo district, and the other, in the head waters of the 

main stream.” I myself received some corroborative testimony to the same effect, when 

examining some hot springs in the lower part of the Youkthwah river; but nothing is actually 

known of the precise locality where the ore exists, nor can be till some one is specially 

deputed to examine the question. Major Malcolm Lloyd, Deputy Commissioner of Tounghoo, 

has much interested himself with the resources of his district, and has furnished me with 

the following itinary from Tounghoo to Kay-mah-pew, from which the difficult nature of the 

intervening country may be inferred, since the actual distance from Tounghoo is probably not 

much over 45 miles. On the last inarch the British boundary is crossed about the fourth mile. 

Route from Tounghoo to Kay-mah-pew. 

Miles, 

Tounghoo to Khoung-nouk-kwa 18 

Khoung-nouk.kwa to Paylawa 8 

Paylawa to Bogallee 8 

Bogallee to Nothedoe 10 

Nothedoe to Mob way do 10 

Mobwaydo to Ivoobo 6 

Ivoobo to Kadowboe 16 

Kadowboo to Kay-mah-pew .. 15 
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The current price of tin ore in Tounghoo used not to exceed, as I am informed by 

W. Usher, Esq., Rs. 185 the hundred viss (about 375 lbs.); but latterly the price has 

risen to Rs. 205 and even to Rs. 230 for choice lots, the same realizing Rs. 250 in Rangoon. 

As the carriage from the mines to Tounghoo is at present wholly by coolies, it seems desirable 
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to ascertain if no alternative route can be devised by the Salween to Monlmein, making use 

of water carriage for part of tbe way. 

Galena.—This ore is known to exist in numerous spots in Martaban and Tenasserim, 

and is usually argentiferous to tbe extent on an average of 12 ounces of silver per ton of 

lead, taking as a guide tbe first six analyses of the subjoined table. In this respect the 

galena from Bamo and Upper Burmah is far richer, the mean of three samples from Bamo, 

giving 78 oz. 17 dwts. of silver to the ton of lead, the poorest yielding 58, and the richest 

104 ozs. 

Table exhibiting the amount of silver in ounces per ton of lead, from samples of Galena, 

from various parts of Burmah. 

!# Galena Martaban 

oz. 

5 

dwts. 

8 

gr. 

0 

2. Do. do. 5 14 0 

3. Do. do. 9 0 0 

4. Do. Tavoy 16 7 19 

5. Do. Moulmein 19 6 14 

6. Do. Tounghoo 20 8 7 

7. Do. Bamo 58 14 8 

8. Do. Bamo (Ponseo) 73 10 0 

9. Do. Bamo (Kyet-yo) ... 104 10 16 

Nine localities where galena occurs are marked in the sketch map of Martaban by 

Mr. O’Riley, ranged generally on a north-north-west line of bearing, coinciding with the 

general direction of the hill ranges, and extending over a line of country some 90 miles in 

length. Mr. O’Riley describes the ore as occurring in the mountain-limestone formation 

of the district, which is that also to which the magnificent and picturesque limestone hills 

near Moulmein, and along the Salween belong, hut he does not say if the ore occurs dis¬ 

seminated in the rock, or in the form of a true mineral vein or lode. Prom what I have 

remarked on the north-east of Tounghoo, at the spot whence Major Lloyd procured his 

galena, I am inclined to think that it may occur on both ways, as it is there rather doubtful 

if there is a true vein, whilst on the Salween valley, the accounts would certainly suggest 

the existence of lodes. 

I am sorry I cannot give any account of the attempts which have been made by private 

parties to work tbe lead and silver of Martaban, but mncli reticence is naturally observed 

on suob a subject, either from a feeling of distrust or of vexation at tbe unfortunate results 

of crude attempts and hasty speculation. Nothing that has as yet been done, however, can 

be considered as conclusive either for or against the practicability of bringing these ores 

into the market. At present the wild state of the country seems to me the main obstacle 

to arriving at a satisfactory conclusion on this subject, from the sparseness of population 

and consequent inability for any one to properly scrutinize these impenetrably clad bills. 

Coppee.—Four specimens of copper ore were procured by M. O’Riley, three of them 

from the same localities as the galena, one of them from the hills east of the Sittoung 

River, and all consisting of “the ordinary copper pyrites, both arsenical and combined with 

sulphur aud iron.” I have not myself been so fortunate as to procure any undoubtedly 

Martaban copper ore, save pieces brought to me exhibiting traces of that metal in the form 

of green carbonate associated with iron or lead ore, to the extent, and no more, of implying 

the presence ot a small portion of the more valuable metal in the mass. Not far from Moul¬ 

mein on the Ataran River, I have seen heaps of slag which some believed to be old copper 

workings ; but an analysis shows that the slag does not contain so much as a trace of copper, and 

indicates njerely the former presence of iron works, abandoned before the memory ot the 

existing inhabitants. 

An extremely interesting specimen of copper ore of a somewhat novel composition was 

procured by M. O’Riley from some spot on the Yoonzalin River, said to be accessible for boats. 
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Mr. Waldie, who analysed it, describes it as a new mineral species under the name O’Bileyite, 

in the Proceedings of the Asiatic Society of Bengal for 1870, page 279. Two analyses of the 

samples were made as below, the first being that of a sample forwarded on the 24th July, 

the second, which differs slightly, a sample forwarded subsequently:— 

Copper ... 17-000 

Silver ... 0*096 

Iron ... 36-470 

Antimony ... 1-150 

Arsenic ... 32700 

Sulphur ... 1-360 

Earthy matter... ... 0-560 

Deficiency and loss ... 10-664 

100*00 

The silver in the above sample is equal to 31fr ounces troy per ton. The large amount 

of loss, however, (presumed to he mainly arsenic) was unsatisfactory, and Mr. Waldie, there¬ 

fore, made a careful analysis of a second sample of the same mineral, forwarded by 

M. O’Biley on the 10th of October, with the following results 

Specific gravity: In small pieces 7'343 : In powder 7‘428. 

Copper ... ... ... 12-13 

Iron ... 42-12 

Arsenic ... 3845 

Antimony ... 0-54 

Earthy matter ... ... 0-12 
Oxide of copper... ... Mil 

„ lead ... • •• ••• 1‘89 [soluble ini dilute 
... 1-12 [; hydrochloric acid. Araenious acid ... 

Protoxide iron ... ... 1-97.J 

Loss ... 0-45 

100-00 

Indications of the presence of copper, in the shape of stains of the green carbonate, are 

also occasionally met with; one such being recorded in the Geological Notes by Captain 

W. Foley, in the Botoung hills, 90 miles north-north-east from Moulmein (Maulamgeng); 

his words are : “ Silver ore is said to exist in a limestone rock at this place; and judging from 

the numerous excavations that had been made by those in pursuit of the precious metal, no 

little labour has been used in the endeavour to discover it. I had neither time nor opportunity 

for ascertaining whether silver ore does so exist. Pieces of copper green, iron pyrites, and 

lead ore deemed useless and cast aside by those in pursuit of silver were strewed about the 

place, and for the first time, in this part of the 

thin seams through the limestone rock.” 

world, I observed anthracite dispersed in 

From this interesting passage, I should infer that extensive diggings for galena had 

been made here, as in a note the rejected lead ore is said to he the “ arseniate," possibly iden¬ 

tical with phosphate of lead containing arsenic, which has recently been received in the 

laboratory of the Geological Survey for analysis from the Martaban district. 

Antimony.—Antimony occurs associated with galena in Martaban, but is nowhere 

worked in British territory. Metallic antimony, however, is imported to a small extent from 

the Shan States, and is probably used as an ingredient in the alloys of copper and silver 

which are worked up for ornaments by the Shaus, who excel in all sorts of metal work. Anti¬ 

mony docs not seem to receive much attention as a metal, though the powdered sulphide is 

largely used throughout the East as a collyrium under the name of soorma/t, the application 

of which along the eyelid, in the shape of a fine black powder, is supposed to enlarge the 
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apparent size of tlie eye and add to its lustre and beauty. In India at least, however, no 

discrimination seems to be made between the sulphide of antimony and ordinary galena, 

which goes also by the name of soormah. 

Gold.—Though of slight economic importance, gold occurs in most parts of Burrnab, 

but is very little worked within British territory, which I attribute to the higher and more 

certain remuneration there obtainable for agricultural or other labor ; and gold working is, 

therefore, pursued mainly in bad seasons, or as an exceptional means of industry taken up 

merely now and again. 

I am not aware of platina having been discovered in British Bunuah, hut as it is known 

in Upper Burmah under the name of Shwaybeen (white gold), it probably, I think, will he 

found in Pegu also, hut perhaps in too fine a state of division to he independently separated. 

In Volume III of the Gleanings of Science a very interesting analysis of a platina 

‘button’ from Ava is given by J. Prinsep, which I here transcribe in proof of the actual 

occurrence of the metal, which might also be doubted:— 

Platina ... ... 25 
Gold ... ... 5 
Iridium and osmium ... 40 
Iron ... 10 
Arsenic and lead ... ... 20 

100 

The sole use the metal is put to is as an alloy, the only form of course in which the 

Burmese are capable of manipulating it. The proportion of the metals iridium and osmium 

is remarkable; and additional samples from Bamo are much wanted for analysis, hut such 

are scarcely procurable save on the spot. 

An impure earthy cohalt containing manganese was many years since procured by my¬ 

self near Henzai, but I could learn no particulars beyond the above rather vague one of 

locality. It was a nodular mass of a black color enveloped in white clay, not more than an 

ounce in weight altogether. 

The above remarks are all that I need offer on the subject, my intention being solely 

to point out in a brief manner what previous observers have recorded on the subject of the 

metalliferous wealth of Burmah. 

DONATIONS TO THE MUSEUM. 

Prom 1st July to 30th September 1873. 

August 29th.—An ancient stone implement found by a native at Terabag near Mokachabri, 

presented by C. Brownlow, Esq., Cachar. 

ACCESSIONS TO LIBRARY. 

From 1st July to 30th September 1873. 

Titles of Books. Donors. 

Barrande, Joachim.—Crustaces Divers et Poissons des Depots de la Boherne, (1872), 8vo., 

Paris. 

. The Author. 

Delesse, Monsieur.—Les Oscillations des Cotes de France, (1872), 8vo., Paris. 

Ditto. 
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Titles of Boohs. Donors. 

Henderson, G., and Hume, A. 0.—Lahore to Yarkund, (1873), 8vo., London. 

Department of Agriculture, Revenue and Commerce. 

Muir, J.—Original Sanskrit Texts on the origin and history of the People of India, Yol. IV, 

(1873), 8vo., London. 

Home Department. 

Muller, F. Max.—The Hymns of the Rig-Veda in the Pada Text, (1873), 8vo., London. 

Ditto. 

Muller, F. Max.—The Hymns of the Rig-Veda in the Samhita Text, (1873), 8vo., London. 

Ditto. 

Quetelet, A.—Notices extraites de l’annuaire de l’observatoire Royale de Bruxelles pour 

1873, (1873), 12mo., Bruxelles. 

The Author. 

Report on the Progress and Condition of the Royal Gardens at Kew during the year 1872, 

(1873), 8vo., London. 
India Office. 

Sladen, Major E. B. — Official narrative of, and Papers connected with, the Expedition 

to explore the trade routes to China via Bhamo, (1869), 8vo., 

Rangoon. 

William Theobald, Esq. 

PERIODICALS. 

American Journal of Science and Aids, 3rd Ser., Vol. V, Nos. 29 & 30, and Vol. VI, No. 31, 

(1873), 8vo., New Haven. 

Annales des Mines, 7th Series, Vol. Ill, Liv. 1 & 2, (1873), 8vo., Paris. 

L’Administrator des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. XI, Nos. 66—68, (1873), 8vo., 

London. 

Canadian Journal of Science, Literature, and History, New Series, Vol. XIII, Nos. 2—4 & 6 

(1872—73), 8vo., Toronto. 
Canadian Institute. 

Cutpee, Ch. de,—Revue Universelle des Mines, de la Metallurgie, Tome XXVIII, Liv. 1—3, 

(1871), 8vo., Paris. 

Geological Magazine, Vol. X, Nos. 6—8, (1873), 8vo., London. 

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, No. 12, and 

Vol. V, Nos. 1—2, (1873), 4to., Bombay. 

Government of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLV, Nos. 302—304, (1873), 8vo., London. 

Neues Jahrbuch fur Mineralogie, Geologie, and Palseontologie, Jahrgang 1873, heft 3—4, 

(1873), 8vo., Stuttgart. 
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Titles of Hooks. Donors. 

Petermann, Dr. A.—Geographische Mittheilungcn, Band XIX, Nos. 5—7, (1873), 4to., 

Gotha. 

Professional Papers on Indian Engineering, 2nd Ser., Yol. II, No. 9, (1873), 8vo., Roorkee. 

Thomason College, Rooekee. 

Quarterly Journal of Science, No. XXXIX, (1873), 8vo., London. 

Revue de l'Exposition de 1867 ; Mines, Metallurgie, Chimie, &c., Nos. 9—10, (1870), 8vo., 

Paris. 

GOVERNMENT SELECTIONS, &c. 

Bengal.—Blanfoed, II. F.—Report of the Meteorological Reporter to the Government of 

Bengal. Meteorological Abstract for 1872. With Administration 

Report for 1872-73, (1873), flse., Calcutta. 

Goteenment of Bengal. 

Bombay.—Selections from the Records of the Bombay Government, New Series, No. 132. 

Narrative of the Bombay Inam Commission and supplementary 

settlements by Colonel A. T. Etheridge, (1873), 4to., Poona. 

Govebnhent of Bombay. 

India.—Annals of Indian Administration in the year 1871-72, Vol. XVII, pt. 2, (1873), 

Svo., Serampore. 

Government of India. 

„ Lists of Civil Officers holding gazetted appointments under the Government of 

India in the Home, Legislative, and Foreign Departments as it 

stood on the 1st January and 1st July 1873, (1873), 8vo., 

Calcutta. 
Ditto. 

„ List of Officers in the Survey and Forest Departments on the 1st of April 1873, 

(1873), Use., Calcutta. 

Depaetment of Agbicultuee, Revenue and Commerce. 

„ Selections from the Records of the Government of India, Foreign Department, 

No. 102. Report on the Political Administration of the terri¬ 

tories comprised within the Central India Agency for 1871-72, 

(1873), 8vo., Calcutta. 
« Government of India. 

Lowee Pbovinoes.—Report on the Revenue Survey Operations of the Lower Provinces 

from 1st October 1870 to 30th September 1871, (1872), fisc., 

Calcutta. 
Government of Bengal. 

Noeth-Westebn Peovinces.—Census of the North-Western Provinces, 1872, Vol. II, 

Provincial, Divisional, and District Tables and Appendix A., 

(1873), fisc., Allahabad. 
Government of N. W. Provinces. 

„ Report by the Board of Revenue on the Revenue Adminis¬ 

tration, North-Western Provinces, for the revenue year 1871—72 

ending 30th September 1872, (1873), fisc., Allahabad. 
Ditto. 
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TRANSACTIONS OF SOCIETIES, &o. 

Titles of Rooks. Donors. 

Batavia.—Notulen van de Algemeene en Bestiuu's—Vergaderingen van liet Bataviaasch 

Genootsehap van kunsten en YVetenschappen, Deel YIII, 

Nos. 1—2, (1870), 8vo., Batavia. 

Royal Society of Batavia. 

„ Tijdschrift voor indische Taal-Land-en Volkenkunde, 6tli Series, Deel I, 

Afl. 1—0, (1869), 1870, 8vo., Batavia. 
Ditto. 

Beelin.—Monatsbericht der koniglichen Preussischen Akademie zu Wissensehaften, Feb¬ 

ruary, (2 numbers), March—April, (1873), 8vo., Berlin. 

Royal Academy of Sciences. 

„ Zeitschrift der Deutschen Geologischen Gesellseliaft, Band XXIII, heft. 2, and 

Band XXIY, heft. 3, (1871-72), 8vo., Berlin. 

The Society. 

Beuxelles.—Academie Royale de Belgique. Centieme Anniversaire de Fondation, 1772— 

1872, Vols. I and II, (1872), 8vo,, Bruxelles. 

Roy. Acad, of Science, Belgium. 

„ Annuaire de T Academie Royale des Sciences, &c., de Belgique, (1872—1873), 

8vo., Bruxelles. 

Ditto. 

Bulletin de T Academie Royale des Sciences de Belgique, Yols. XXXI—XXXIV, 

(1871—1872), 8vo., Bruxelles. 
Ditto. 

„ Memoires Couronnes et autres Memoires, Yol. XXII, (1872), 8vo., Bruxelles. 

Ditto. 

JJ 
Memoires de TAcademie Royale des Sciences de Belgique, Vol. XXXIX, 

(1872), 4to., Bruxelles. 

Ditto. 

Calcutta.—Journal of the Asiatic Society of Bengal, New Series, Vol. XLII, part 1, 

No. 2, and part 2, No. 3, (1873), 8vo., Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 6—8, (1873), 8vo., Calcutta. 

Ditto. 

„ Records of the Geological Survey of India, Vol. VI, part 3, (1873), 8vo., 

Calcutta. 

The Suevey. 

Copenhagen.—Oversigt over det kongl. d. Videnskabernes Selskabs, 1871, No. 3, and 1872, 

No. 1, (1871—1872), 8vo., Copenhagen. 
Danish Academy. 

„ Videnskabernes Selskabs, Band IX, Nos. 6—7, (1872), 4to., Copenhagen. 

Ditto. 

Dkesden.—Novorum Actorum Academise Casareae Leop. Carol. Nat. Curiosorum, 

Vol. XXXV, (1870), 4to., Dresden. * 
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Titles of Boohs. Donors. 

Dresden.—Sitzungsberichte der naturwissenschaftliehen Gesellschaft Isis in Dresden, 

Jahrg., 1871, Nos. 1—3 and 10—12, Jahrg., 1872, Nos. 1—3 

and 4—6, (1871—1872), 8vo., Dresden. 

The Isis Society. 

Dublin.—Journal of the Royal Geological Society of Ireland, New Series, Yol. Ill, pt. 1, 

(1871), 8vo., Dublin. 

The Society. 

Edinburgh.—Proceedings of the Royal Society of Edinburgh, Vol. VII, Nos. 82 to end, 

(1872), 8vo., Edinburgh. 

Ditto. 

„ Transactions of the Royal Society of Edinburgh, Yol. XXVI, parts 3—4, 

(1872), 4to., Edinburgh. 

Ditto. 

Plorence.—Bollettino R. Comitato Geologico d’ltalia, Nos. 5—6, (1873), 8vo., Florence. 

The Geological Society or Italy. 

Glasgow.—Proceedings of the Philosophical Society of Glasgow, Yol. VII, part 3, and 

Vol. VIII, part 2, (1871 and 1873), 8vo., Glasgow. 

The Society. 

Gottingen.—Abhandlungen der ICSniglichen Gesellschaft der Wissenschaften zu Gottingen, 

Band XV, (1871), 4to., Gottingen. 

The Gottingen Society. 

„ Nachrichten von der Koniglichen Gesellschaft der Wissenschaften zu Gottingen, 

(1870), 8vo., Gottingen. 
Ditto. 

Konigsberg.—Schriften der koniglichen Physikalisch.—Okonomischen, Gesellschaft zu 

Konigsberg, gahrg. XI, Abth. 2, (1871), 4to., Konigsberg. 

Liverpool.—Report of the British Association for the advancement of Science, (1870-71), 

Svo., Liverpool. 
The Association. 

London.—British Museum. Gray, J. E.—Hand-list of the specimens of shield reptiles in 

the British Museum, (1873), 8vo., London. 

The British Museum. 

British Museum, Walker, Francis.—Catalogue of the specimens of Hemiptera 

Ileteroptera in the Collection of the British Museum, parts 

VI—VII, (1873), 8vo., London. 

Ditto. 

Journal of the East India Association, Vol. VII, No. 1, (1873), 8vo., London. 

The Association. 

„ „ Royal Geographical Society, Vols. XL & XLI, (1870-71), 8vo., 

London. 

The Society. 

Proceedings of the Royal Geographical Society, Vol. XV, Nos. 2—5, Vol. XVI, 

Nos. 1—5, & Vol. XVII, No. 1, (1871-73), 8vo., London. 

Ditto. 
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Titles of Boolcs. Donors. 

London.—Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series; 

Yol. VI, part 2, (1873), 8vo., London. 

The Society. 

„ Philosophical Transactions of the Royal Society of London, Yol. 161, part 2, and 

Vol. 162, part 1. With List of Bellows of the Society for 

1871, (1871-72), 4to„ London. 

Royal Society, London. 

„ Proceedings of the Royal Society of London, Vol. XX, Nos. 137—138, and 

Vol. XXI, 139—143 and 145, (1872-73), 8vo„ London. 

Ditto. 

Royal Society’s Catalogue of Scientific Papers, Vols. V—VI, (1871—72), 4to., 

London. 

Proceedings of the Royal Institution of Great Britain, Vol. VI, parts 3—6, 

(1871-72), 8vo., London. 

The Institute. 

Quarterly Journal of the Geological Society, Vol. XXVIII, part 4, and XXIX, 

parts 1 & 2. With List, (1873), 8vo., London. 

The Society. 

„ Ray Society. A Monograph of the Gymnoblastic or Tubularian Hydroids, (1871), 

Roy 4to., London. 

Melboubne.—Transactions and Proceedings of the Royal Society of Victoria, Vol. IX, 

part 2, (1869), 8vo., Melbourne. 

Royal Society, Victoeia. 

Minneapolis.—Constitution and Bye-Laws of the Minnesota Academy of Natural Sciences, 

(1873), 8vo., Minneapolis. 

The Academy. 

Montbeal.—Geological Survey of Canada. Report of Progress for 1871—72. With List of 

Publications of the Geological Survey of Canada, (1872), 8vo., 

Montreal. 

Geological Survey, Canada. 

Moscou.—Bulletin de la Societe Imperiale des Naturalistes de Moseou, Vol. XLIII, 

Nos. 3—4, XLIV, Nos. 1—4, and XLV, Nos. 1—3, (1871-72), 

8vo., Moscou. 

Imp. Soc. Nat., Moscou. 

„ Nouveaux Memoires de la Societe Imperiale des Naturalistes de Moscou, Vol. 

XIII, livr. 3, (1871), 4to., Moscou. 

Ditto. 

Munich.—Annalen der Ivoniglichen Sternwarte hei Miinchen, Band XVIII, (1871), 8vo. 

Miinchen. 

Roy. Bavaeian Acad, of Sciences. 

Sitzungsberichte der mathematisch—physikalischen Classe der k. b. Akademie der 

Wissenschaften zu Miinchen, heft 1—2, (1871), 8vo., Miinchen. 

Ditto. 
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Munich.—Supplement—Band zu der Annalen der Miinchener Sternwarte, Yol. XI, (1871), 

8vo., Miinchen. 

Roy. Bavarian Acad, of Sciences. 

Die Aufgabe des Chemisclien Unterrichts, (1871), 4to., Miinchen. 

Ditto. 

Almanaeb der k. b. Akademie der Wissensckaften fur 1871, (1871), 12mo., 

Miinchen. 
Ditto. 

Neuchatel.—Bulletin de la Societe des Sciences Naturelles de Neuchatel, Vol. IX, part 1> 

(1871), 8vo., Neuchatel. 

The Society. 

New York. Hayden, F. V.—Sun Pictures of Rocky Mountain Scenery, (1870), 4to., 

New York. 

F. Y. Hayden, U. S. Geological Survey- 

„ Hayden, F. V.—United States Geological Survey of the territories, profiles* 

sections and other illustrations, (1872), 4to., New York. 

Ditto. 

New Zealand.—Geological Survey of New Zealand. Reports on Geological Explorations 

during 1870-71 and 1871-72, (1871-72), 8vo„ New Zealand. 

The Survey. 

„ Hector, James.—Catalogue of the Whales and Dolphins of the New 

Zealand Seas, (1873), 8vo., New Zealand. 

Ditto. 

„ Hector, James.—Geological Survey of New Zealand. Sixth Annual 

Report on the Colonial Museum and Laboratory, together with 

a list of donations and deposits during 1870-71, (1871), 8vo., 

New Zealand. 

Ditto. 

if 

ft 

Hector, James.—Meteorological Report for 1868 to 1870, (1869—1871), 

8vo., New Zealand. 

Ditto. 

Hutton, F. W.—Catalogue of the Birds of New Zealand, with Diagnoses 

of the Species, (1871), 8vo., New Zealand. 

Ditto. 

if 

ft 

if 

Hutton, F. W.—Catalogue of the Echinodermata of New Zealand, with 

Diagnoses of the Species, (1872), 8vo., New Zealand. 

Ditto. 

Hutton, F. W.—Colonial Museum and Geological Survey Department. 

Fishes of New Zealand. With Supplement, (1872), 8vo., New 

Zealand. 
Ditto. 

Hutton, Captain F. W.—On the Geographical relations of the New 

Zealand Fauna, (1873), 8vo., New Zealand. 

Geological Survey of New Zealand' 
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Pabis.—Memoires de la Societe Geologique de France, 

(1869—1872), 4to., Paris. 

Donors. 

2nd Series, Vol. IV, Nos. 1—3, 

The Society. 

„ Bulletin de la Socifite Geologique de France, 2nd Series, Vol. XXVIII, Nos. 3—5, 

XXIX, Nos. 1—3, (1871—72), 8vo„ Paris. 
Ditto. 

Philadelphia,—Journal of the Franklin Institute, 3rd Series, Vol. LXIV, Nos. 4—6, 

Vol. LXV, Nos. 1—4, (1872—1873), 8vo., Philadelphia. 

The Institute. 

if Proceedings of the Academy of Natural Sciences of Philadelphia, 

Parts 1—3, (1871), 8vo., Philadelphia. 
The Academy. 

St. Paul.—Annual Report of the Board of Regents of the University of Minnesota for 

the fiscal year ending November 30th, 1872, (1873), 8vo., 

St. Paul. 
Government of Minnesota. 

Stockholm.—Kongtiga Svenska Vetenskaps — Akademiens Handlingar, New Series, Vol. 

VII, heft 2, and Vols. VIII-IX, (1868—1S70), 4to., Stock¬ 

holm. 
Royal Academy of Science, Stockholm. 

„ Lefnadsteckningar ofver kongl. Svenska Vetenskaps-Akademiens, Band I, 

heft 2, (1870), 8vo., Stockholm. 
Ditto. 

if Meteorologiska sakttagelser i Sverige, 

Stockholm. 

Band IX—XI, (1867—1869), 4to., 

Ditto. 

if Minnesteekning ofver erik Gustaf Geijer af F. F. Carlson, (1870), 8vo., 

Stockholm. 
Ditto. 

Ofversigt af kongl. Vetenskaps—Akademiens Forhandlingar, Vols. XXVI 

XXVII, (1870-71), 8vo., Stockholm. 
Ditto. 

a Sveriges Geologiska Undersokning, 

8vo., Stockholm. 

Nos. 42—45. With 4 maps, (1871), 

Bureau Rechee. Geol. Suede. 

St. Petersbitegh.—Bulletin de l’Academie Imperiale des Sciences de St. Petersburgh, Tome 

XVI, Nos. 1—6, XVII. Nos. 1—3, (1871), 4to., St. Petersburgh. 

Imperial Academy qfc Sciences. 

Memoires de l’Academie Imperiale des Sciences de St. Petersburgh, 

7th Ser., Vol. XVII, Nos. 1—12, XVIII, Nos. 1—7, (1871-72), 

4to., St. Petersburgh. 
Ditto. 
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St. Peteesbuegh.—Beitriige zut Keimtniss des Russischen Reiches und der angrenzenden 

Lander Asiens, with Atlas, Band I, (1839), to XXVI, (1871), 

(1839-71), 8vo., St. Petersburgh. 

Imperial Academy of Sciences. 

Torino.—Atti della E. Accademia delle Scienze di Torino, Vol. VII, Nos, 1—7, (1872), 

8vo., Torino. 

Eoyal Acad, of Science, Tuein. 

Bollettino Meteorologico ed Astronomico del Eegio. Osservatorio dell’ Universita 

di Torino. Anno VI, (1872), oblong 4to., Torino. 

Ditto. 

Vienna.—Jahrbuch der kais. konig. Geologischen Eeiohsanstalt, Band XXII, Nos. 3—4, 

and General Eegister, Bande XI—XX, (1872), 8vo., Vienna. 

The Vienna Institute. 

» 

Verhandlungen der kais. konig. Geologischen Eeiohsanstalt, Nos. 

8vo., Vienna. 

11—18, (1872), 

Ditto. 

Denkschriften der kais. Akademie der Wissenschaften, Band XXXI—XXXII, 

(1872), 4to., Vienna. 
The Vienna Academy. 

Sitzungsheriehte der kais. Akademie der Wissenschaften— 

Band LXII, Ahth. I, heft 3—4, Ahth. II, 4—5. 

„ LXIII, Abth. I, heft 1—5, Abth. II, heft 1—5. 

„ LXIV, Ahth. I, heft 1—5, Abth. II, heft 1—5. 

„ LXV, Abth. I, heft 1—5, Abth. II, 1—5, Abth. Ill, heft 1—5. 

With Register LXI—LXIV, (1870—1872), 8vo., Vienna. 
Ditto. 

Washington.—Hayden, P. V.—Preliminary Eeport of the United States Geological Survey 

of Montana and portions of adjacent territories, (1872), 8vo., 

Washington. 

F. V. Hayden, U. S. Geological Survey. 

0) 

Ji 

Hayden, F. V.—Final Report of the United States 

Nebraska, (1872), 8vo., Washington. 

Geological Survey of 

Ditto. 

Hayden, F. V.—Supplement to the fifth annual report of the United 

States Geological Survey of the territories for 1871, (1872), 8vo., 

Washington. 
Ditto. 

Thomas, Prof. C.—Lists of elevations and distances in that portion of the 

U. S. west of the Mississippi River, (1872,) 8vo., Washington. 

Ditto. 

Wellington.—Hector James.—Phormium Tenax as a fibrous plant, (1872), 8vo., 

Wellington. 
The Geological Survey of New Zealand. 
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Wellington.—Hutton, F. W.—Catalogue of the marine Mollusca of New Zealand, (1873), 

8vo., Wellington. 

The Geological Survey of New Zealand. 

ft Transactions and Proceedings of the New Zealand Institute, Vol. V., (1873), 

8vo., Wellington. 

The Institute. 

Yokohama.—Mittheilungen der Deutschen Gesellschaft fiir Natur und Vollserkunde 

Ostasiens, Heft., 1 Mai, (1873), flsc., Yokohama. 

The Society. 

Zurich.—Neujahrsblatt von der Naturforschenden Gesellschaft, Nos. 73—74, (1871-72), 

4to., Zurich. 

Natural History Society, Zurich. 

Vierteljahrsschrift der Naturforschenden Gesellschaft in Zurich, Jalirg. XV, 

heft 1—4 and XVI, heft 1—4, (1870-71), 8vo., Zurich. 

Ditto. 

The 8th October 1873. 
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